























Copyright and moral rights for this work are retained by the author 
 
A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge 
 
This work cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the author 
 
The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the author 
 
When referring to this work, full bibliographic details including the author, 

















A T H E S I SatssssasisaassïEcsBa
s iib m itte d  to  
TEE TOITERSITY CP QIASSCW
i n  f u l f i lm e n t  o f  th e  
req u irem e n t#  f o r  th e




Some P ro p e r tle B  o f  aqueotiB e o lu t io n e  o f  o e ty l  
t r im e th y l  ammonium brom ide i n  th e  p re se n c e  o f 
s u b s t i t u t e d  b e n z o ic  a c id  s a l t s .
ProQuest Number: 10656358
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10656358
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346
A C K I Î O W L E D G E M E N T *
= 8s 8IV s  «s sa s  c: s: ss s  B a  3B a: 8  «: CB K mi «  SX s  a  Xï ss flc S8
The a u th o r  would l i k e  to  e x p re ss  h is  s i n c e r e s t  
g r a t i t u d e  to  Dr* W illiam  Good f o r  h is  ad v ice  and 
encouragem ent d u r in g  th e  c o u rse  o f  t h i s  w ork.
( i )
SraMART
T his work i s  c h i e f ly  concerned  w ith  th e  p r o p e r t i e s  o f  
aqueous s o lu t io n s  o f  c e t y l  t r im e th y l  ammonium brom ide (CTAB) 
in  th e  p re se n c e  o f  c e r t a i n  a d d i t iv e s  w hich a re  m ain ly  d e r iv a t iv e s  
o f  b en zo ic  a c id  such  a s  sodium  s a l i c y l a t e  o r  sodium  ^ » c h lo ro -  
benzoate*
In  th e  f i r s t  p a r t  o f th e  work* th e  a d s o rp t io n  o f CTIB from  
i t s  aqueous s o lu t io n s  on to  g ra p h ite *  alum ina* t i t a n iu m  d io x id e  
and s i l i c a  has b een  s tu d ie d .  In  a l l  cases*  th e  CTAB a p p e a rs  
to  be adso rbed  by an io n  exchange p ro c e s s .  A b im o le c u la r  
la y e r  i s  fo rm ed. In  th e  f i r s t  la y e r*  th e  io n ic  head o f  th e  
CTA* i s  h e ld  to  th e  s u r fa c e  by ch em ica l f o r c e s  w h ile  th e  
p a r a f f in  c h a in  i s  o r ie n te d  away from  th e  s u r fa c e  and in  th e  
second la y e r*  th e  r e v e r s e  o r i e n t a t i o n  o c c u rs . The e f f e c t  o f  
seven  b en zo ic  a c id  s a l t s  on th e  amount o f  CTA ad so rb ed  on 
alum ina  has been  found  to  be q u a l i t a t i v e l y  r e l a t e d  to  t h e i r  
e f f e c t s  on th e  v i s c o s i t y  o f CTAB s o lu t io n s .  The sodium 
s a l i c y l a t e  -  CTAB system  has been  exam ined in  more d e t a i l  and 
an  ad so rb ed  f i lm  c o n ta in in g  eq u im o le c u la r  am ounts o f s a l i c y l a t e  
and CTA^ has b een  found  to  fo rm  on a lu m in a . The s a l i c y l a t e  -  
CTA* complex c o v e rs  a  g r e a t e r  p a r t  o f  th e  s u r fa c e  th a n  th e  CTA* 
a lo n e  and c o n se q u e n tly  g iv e s  a  b e t t e r  m easure o f  th e  s u r fa c e  
a r e a  o f  th e  pow der.
( i l )
The se d im e n ta tio n  volume o f  t i t a n iu m  d io x id e  in  CTAB 
s o lu t io n s  has a l s o  been  in v e s t ig a te d  and th e  e f f e c t  o f  sodium  
s a l i c y l a t e ,  sodium  £ ;»ch lo robenzoa te  and sodium  p^-hydrozybenzoate 
on t h i s  s e d im e n ta tio n  volume has b een  r e l a t e d  to  t h e i r  e f f e c t s  
on th e  v i s c o s i t y  o f  CTAB s o lu t io n s .
In  th e  second p a r t  o f  th e  w ork, th e  approx im ate  a c t i v i t y  
c o e f f i c i e n t  o f  B r ' i n  CTAB s o lu t io n s  was m easured u s in g  
e l e c t r o l y t i c a l l y  p re p a re d  s i l v e r - s i l v e r  brom ide e l e c t r o d e s .
The c r i t i c a l  m ic e l le  c o n c e n tr a t io n s  o f  CTAB ( i n  .002M EBr) and 
o f dodecy l t r im e th y l  ammonium brom ide were d e te rm in ed  by t h i s  
method and found to  ag ree  w ith  th e  v a lu e s  o b ta in e d  by o th e r  
w o rk e rs . The a c t i v i t y  c o e f f i c i e n t  o f  Br* was a l s o  m easured 
in  s o lu t io n s  c o n ta in in g  CTAB and s a l t s  s im i la r  to  th o s e  u sed  
in  th e  a d s o rp t io n  and se d im e n ta tio n  w ork. Changes i n  th e  
a c t i v i t y  c o e f f i c i e n t  o f  Br^ on a d d i t io n  o f th e s e  s a l t s  were 
a g a in  found to  be r e l a t e d  to  t h e i r  e f f e c t s  o f  th e  v i s c o i t y  o f 
CTAB s o lu t io n s .
F in a l l y ,  a  p re l im in a ry  a tte m p t was made to  in v e s t ig a te  th e  
e l a s t i c  p r o p e r t i e s  o f  th e  v i s c o - e l a s t i c  s o lu t io n s .  These 
s o lu t io n s  w ere c o n ta in e d  i n  th e  gap betw een  two v e r t i c a l  c o - a x ia l  
g la s s  c y l in d e r s  w hich were cau sed  to  o s c i l l a t e  h a rm o n ic a lly .
The re sp o n se  o f  th e  l iq u id  was o b se rv ed  by fo c u s s in g  a  m icroscope 
on a  v e ry  sm a ll bead w hich had b een  suspended  in  th e  l iq u id *
( i l l )
The r e s u l t s  a g a in  showed t h a t  th e  s a l i c y l a t e  -CTA* complex 
a c q u ire s  some s t a b i l i t y  when th e  s a l i c y l a t e  and th e  CTA* a r e  
p re s e n t  i n  eq u im o le c u la r  am ounts. The s t r u c t u r e  o f  th e  
s o lu t io n s ,  p a r t i c u l a r l y  th e  p -c h lo ro b e n z o a te  -  CTA* s o lu t io n s ,  
seems to  be a l t e r e d  on sh e a r in g *
An e f f o r t  has b een  made to  i n t e r p r e t  th e  r e s u l t s  o f  
d i f f e r e n t  ty p e s  o f  ex p e rim en ts  i n  te rm s o f long  th r e a d l ik e  
a g g re g a te s  formed by i n t e r a c t i o n  o f  th e  CTA* w ith  th e  o rg a n io  
s a l t .
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GENüiRAL INTRODUCE ION
Aqueous S o lu tio n s , o f  P a r a f f in  C hain S a l t s .
Aqueous s o lu t io n s  o f  p a r a f f in  c h a in  s a l t s  owe t h e i r  m ost 
rem ark ab le  p r o p e r t i e s  to  th e  p o s s e s s io n  o f two w id e ly  d i f f e r i n g  
c h a r a c t e r i s t i c s  by th e  one io n . G. 8 .  H a r tle y ^ h a s  c o in e d  th e  
te rm  'am phipathy* -  b o th  f e e l i n g s  -  to  d e s c r ib e  t h i s  p ro p e r ty  
o f  p a r a f f i n  c h a in  s a l t s  s in c e  th e  p re se n c e  o f  a  h y d r o p h i l ic ,  
io n ic  group g iv e s  th e  s a l t  a  sympathy f o r  w a te r ,  w h i le ,  a t  th e  
same tim e , th e  hydrophob ic  hyd ro carb o n  c h a in  g iv e s  an a n t ip a th y  
f o r  w a te r .  W hile n o t a l l  p a r a f f i n  c h a in  s a l t s  show u n u su a l 
p r o p e r t i e s ,  th e  te rm  ' am phipath io  su b stan ce*  i s  p e rh ap s more 
r e s t r i c t i v e  th a n  o th e r s ,  such  as s o a p s , d e t e r g e n t s ,  o r  
c o l l o i d a l  e l e c t r o l y t e s ,  w hich a re  o f te n  u sed  in s t e a d .
P r io r  to  I 9O8 , i t  was g e n e ra lly  b e liev ed  th a t  soaps were 
o rd inary  c o l lo id s .  However, in  th a t  y e a r , McBain and h is
2 »3 94 *S
c o l la b o r a to r s  began  a  s e r i e s  o f  in v e s t ig a t io n s  w hich
re v e a le d  p r o p e r t i e s  v e ry  d i f f e r e n t  from  o th e r  c o l l o i d s .  I t  
had been  known p re v io u s ly  t h a t  th e  c o n d u c t iv i ty  o f  so ap s was 
r a th e r  h ig h  f o r  a  c o l l o i d ,  b u t  t h i s  had b een  a s c r ib e d  to  
h y d r o ly s is .  McBain^, how ever, showed t h a t  th e  a l k a l i  p roduced  
by  h y d ro ly s is  co u ld  o n ly  e x p la in  a  sm a ll f r a c t i o n  o f  c o n d u c t iv i ty < 
N e v e r th e le s s ,  th e  o sm otic  a c t i v i t y  o f  soap  s o lu t io n s  was 
ex tre m e ly  low , f o r  exam ple McBain and Salmon^ found t h a t  th e
c o n c e n t r a t io n  o f  o s m o tic a l ly  a c t iv e  p a r t i c l e s  i n  p o ta ss iu m  
s t e a r a t e  s o lu t io n  was c o n s id e ra b ly  l e s s  th a n  i t  would be i f  th e  
so ap  were d is s o lv e d  a s  an  u n d is a o o ia te d  s a l t*  McBain was th u s  
le d  to  p o s tu la te  an  io n ic  m ic e lle  w hich  would have low o sm o tic  
a c t i v i t y  b u t c o n s id e ra b le  c o n d u c tiv ity *  Now th e  e q u iv a le n t  
c o n d u c t iv i ty  o f  soap  s o lu t io n s  f a l l s  w ith  in c r e a s in g  c o n c e n tra ­
t i o n ,  a t  low c o n c e n tr a t io n s ,  re a c h e s  a  minimum and th e n  s lo w ly
7
r i s e s  t o  an  a p p ro x im a te ly  c o n s ta n t v a lu e  . T h is  l a t t e r  r i s e  
i n  c o n d u c t iv i ty  was c o n s id e re d  by  McBain to  be a  consequence o f  
th e  fo rm a tio n  o f  a  sm a ll p o ly v a le n t ,  io n ic  m ic e l le ,  s in c e ,  
a c c o rd in g  to  S tokes* Law, th e  r e s i s t a n c e  to  m otion  o f  a  sp h e re  
th ro u g h  a  l iq u i d  i s  p r o p o r t io n a l  t o  i t s  r a d iu s ,  so t h a t  i f  m
so ap  io n s  a g g re g a te  to  form  a  m ic e l le  o f  charge  m, th e  m o b i l i ty
2/and hence th e  c o n d u c t iv i ty  of th e  m ic e l le  w i l l  be m ^ t h a t  o f  
m s in g le  ions*  The i n i t i a l  f a l l  i n  c o n d u c t iv i ty  was due t o  th e  
fo rm a tio n  o f u n d is s o c ia te d  m o lecu les  and l a t e r  n e u t r a l  c o l l o i d ,  
f o r  McBain b e l ie v e d  soaps to  be e s s e n t i a l l y  r a t h e r  weak 
e l e c t r o ly t e s *
The sudden change in  a  number o f  p r o p e r t i e s  o f  p a r a f f i n
Aha4n s a l t s  i n  a  l im i te d  range o f  c o n c e n tr a t io n  was c o n s id e re d
8by Jones and Bury in  1)27, to  be a consequence of the  law of 
mass a c tio n  as app lied  to  the  a s s o c ia tio n  o f s in g le  m olecules 
to  form complexes con ta in in g  a la rg e  number of molecules* I f  
the  co n c en tra tio n  of s in g le  m olecules i s  Cj, and of aggregates
0]Q and E i s  th e  e q u i l ib r iu m  c o n s ta n t ,  th e n  f o r  th e  e q u i l ib r iu m  
micelle ^  ^  m s in g le  m o lecu les  
( C i ) "
Ï  -  - c r
As G rind  le y  and Buxy p o in te d  o u t ,  o n ly  when C i i s
In­
com parable w i th  E^*^, w i l l  th e  c o n c e n tr a t io n  o f  m ic e l le s  become
a p p re c ia b le *  When Ci i s  g r e a t e r  th a n  K , th e  c o n c e n tr a t io n  o f  
m ic e l le s  w i l l  in c r e a s e  r a p id ly  w ith  in c r e a s in g  t o t a l  c o n c e n tra ­
tio n *  The r a t e  o f  t h i s  change w i l l  in c r e a s e  a s  a  in c re a s e s *
The c o n c e n tr a t io n  a t  w hich m ic e l le s  b e g in  t o  form  was term ed  th e
, . 10 
c r i t i c a l  m ic e l le  c o n c e n tr a t io n  (C*M«C«) by D avies and Bury ,
in  th e  c o u rse  o f  t h e i r  w ork on th e  p a r t i a l  s p e c i f i c  volume o f
p o ta ss iu m  n -o o to a te  i n  i t s  aqueous s o lu t io n s *
The work on th e  p a r t i a l  s p e c i f i c  volume o f p a r a f f i n
9*10
c h a in  s a l t s  had r e v e a le d  changes i n  t h i s  p ro p e r ty  w hich
were e x p la in a b le  i n  te rm s o f  th e  c o n s id e ra t io n s  g iv e n  above*
L o tte rm o se r  and P uschel^^  found  t h a t  th e  e q u iv a le n t  c o n d u c t iv i ty
o f  v a r io u s  a lk y l  sodium  s u lp h a te s  f e l l  o n ly  s lo w ly  a t  v e ry  low
c o n c e n tr a t io n  u n t i l ,  a t  a  f a i r l y  d e f i n i t e  c o n c e n t r a t io n ,  i t
d ropped  w ith  an a b ru p tn e s s  w hich  depended on th e  le n g th  o f  th e
h y d ro carb o n  chain*  In  a  somewhat s i m i l a r  i n v e s t i g a t i o n ,
12
H a r tle y  and Mais oh s u g g e s te d  t h a t  th e  sudden  f a l l  i n
c o n d u c t iv i ty  in d ic a t e d  th e  fo rm a tio n  o f  m ic e lle s*
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In  1 9 )5 , M urray and H a r tle y  a p p l ie d  th e  law o f  mass 
ic t lo n  to  a  m ic e l le  c o n s i s t in g  o f  a  la rg e  number o f  io n s  h u t w ith  
m  a p p re c ia b le  p a r t  o f  i t s  ch a rg e  n e u t r a l i s e d  by  a d h e re n t 
^egen ions. By r e p r e s e n t in g  th e  m ic e lle  as  KapAg  ^ where m > p , 
ïhty o b ta in ed
E (C -  Cm .% i)*.(C -  Cm)*
Cm
fh ere  2  th e  t o t a l  c o n c e n tra t io n *  I t  was shown by t h i s
eq u a tio n  t h a t  th e  fo rm a tio n  o f  m ic e l le s  i s  more a b ru p t i f  th e
a s s o c ia t io n  o f  g eg en io n s w ith  th e  m ic e l le  i s  c o n s id e re d *
In  1 9 )6 , H a r t le y ,  C o l l ie  and Samis^^ in v e s t ig a te d  th e
s o n d u c tiv i ty  and t r a n s p o r t  numbers o f  some q u a te rn a ry  ammonium
s a l ts *  They found t h a t ,  i n  th e  r e g io n  w here th e  e q u iv a le n t
c o n d u c tiv i ty  was f a l l i n g  r a p i d l y ,  th e  t r a n s p o r t  number o f  th e
p a r a f f in  c h a in  io n  ro s e  s h a rp ly  and e v e n tu a l ly  re a c h e d  v a lu e s
g r e a te r  th a n  u n i ty ,  i n d ic a t in g  t h a t  some o f  th e  g eg en io n s  w ere so
s t ro n g ly  a t ta c h e d  to  th e  m ic e l le  th a t  th e y  t r a v e l l e d  i n  th e
o p p o s ite  d i r e c t i o n  to  t h a t  i n  w h ich  f r e e  g eg en io n s  w ould t r a v e l*
I t  was th e n  p o s s ib le  t o  e x p la in  a l l  th e  known f a c t s  ab o u t
aqueous s o lu t io n s  o f  p a r a f f i n  c h a in  s a l t s  on th e  b a s i s  o f  a
16
s p h e r ic a l  m ic e l le  ( o r i g i n a l l y  su g g e s te d  b y  Hey c h i  e r  i n  1 9 1 )) 
c o n ta in in g ,  f o r  a  s a l t  w ith  s ix t e e n  ca rb o n  atom s p e r  c h a in ,  
abou t f i f t y  p a r a f f i n  c h a in  io n s  a g g re g a te d  to g e th e r  w ith  th e  
p a r a f f in  c h a in s  d i r e c te d  tow ards th e  i n t e r i o r  and th e  io n is e d ,
h y d ro p h i l ic  heads on th e  e x t e r i o r ,  and h av in g  some 25-40
g eg en io n s a t ta c h e d  to  th é  s u r fa c e  ( f i g .  l}«
A ccord ing  to  H a r t le y ,  th e  f a l l  i n  e q u iv a le n t  c o n d u c t iv i ty
was due to  th e  e f f e c t  o f  th e  g eg en io n s a t ta c h e d  to  th e  m ic e l le
s in c e  th e y  b o th  re d u c e d  th e  m o b i l i ty  o f  th e  p a r a f f i n  c h a in
a g g re g a te  an d , i n  p a r t ,  c e a se d  t o  c a r r y  c u r r e n t  th e m se lv e s ,
th e s e  e f f e c t s  overcom ing th e  In c re a s e  in  c o n d u c t iv i ty  o f  th e
p a r a f f i n  c h a in  a g g re g a te  to  be e x p e c te d  from  S tokes*  law an d ,
in d e e d , shown by th e  t r a n s p o r t  number m easurem ents* At h ig h
f i e l d  s t r e n g t h s ,  th e  p a r a f f i n  c h a in  a g g re g a te  te n d s  to  be to r n
away from  i t s  a tm osphere  o f  a d h e re n t g e g e n io n s , so  t h a t  th e
* 'S tokes* law increase**  in  th e  m o b i l i ty  o f  th e  m ic e l le  becomes
more im p o rta n t and th e  e q u iv a le n t  c o n d u c t iv i ty  a c t u a l l y  r i s e s
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above th e  i n f i n i t e  d i l u t i o n  v a lu e  *
H artle y ^  a l s o  su g g e s te d  t h a t  th e  fo rm a tio n  o f  m ic e l le s  
was d u e , n o t so  much to  any a c tu a l  r e p u ls io n  betw een  th e  w a te r  
and th e  p a r a f f i n  c h a in ,  a s  to  th e  s t r o n g  c o h e s io n  betw een  th e  
w a te r  m o lecu les*  The c o h e s io n  betw een  w a te r  m o lecu les  f a l l s  
o f f  r a p id ly  as t h e i r  s e p a r a t io n  i s  in c re a s e d  so  t h a t  to  i n t r o ­
d u ce , i n to  w a te r ,  a  la rg e  a g g re g a te  o f  p a r a f f i n  c h a in s  may n o t 
r e q u ir e  much more en e rg y  th a n  to  in tro d u c e  one p a r a f f i n  chain*  
The s t ro n g  c o h e s io n  betw een  w a te r  m o lecu les  means t h a t  s in g le  
p a r a f f i n  c h a in s  a re  u n d er a  c o n s id e ra b le  com pressive  f o r c e .
FIG. J
SPHERICAL MICELLE 
( h a r t l e y )
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W A T  E  R
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L A ME L L A R  M I C E L L E
( m ^ B a i n )
On aggregation  the  compressive fo rc e  p e r  p a r a f f in  chain  i s
decreased and the chains tend to  expand, w hile  the w ater
m o lecu les  te n d  to  c o n t r a c t .  T h is  i s  c l e a r l y  shown by  th e  w ork 
9 ’10
of Buiy e ^  a l * on the  p a r t i a l  s p e c if ic  volumes o f  p a r a f f in  
chain  s a l t s  and of w a te r, in  th e se  s o lu tio n s .
One of the  main phenomena which H artley  had not exp la ined  
befo re  19) 6 , was the r i s e  in  co n d u c tiv ity  in  such soaps as 
potassium  la u r a te ,  p a lm ita te  e t c .  McBain had b e liev ed  th a t  
h is  io n ic  m icelle  predominated over the  *neutral* c o l lo id  in  
th i s  reg ion  o f co n c en tra tio n  and so produced a r i s e  in  conduc­
t i v i t y .  This inplied ’re tro g rad e  d isso c ia tio n *  i . e .  d is s o c ia t io n  
of a lread y  a sso c ia te d  n e u tra l  c o l lo id  w ith  in c re a s in g  concen tra­
t io n .  While H artley  accepted  ’re tro g rad e  d is so c ia tio n *  of 
h is  sp h e r ic a l m icelle  as a  p o s s ib i l i t y  a t  h ig h er c o n c e n tra tio n s , 
he b e lie v e d  th a t  an in c rease  in  th e  m o b ility  o f the gegenions
was a lso  p o s s ib le . In  1939, he considered  th a t  th e  l a t t e r
16
ex p lan a tio n  was the most probable s in ce  in  concen tra ted  
s o lu tio n s , th e  io n ic  atm ospheres o f the m ice lles  w i l l  tend  to  
encroach on one ano ther so th a t  in c rease  in  co n cen tra tio n  
should  in c rease  the amount of f r e e  gegenions r e la t iv e  to  those 
more t ig h t ly  bound.
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In  1937» Bass and Gundermann d iscovered  th a t  soap 
so lu tio n s  gave more d e f in i te  X -ray d i f f r a c t io n  p a tte rn s  than
norm al s o lu t io n s .  L a te r  o th e r  w orkers u s in g  Z -ra y  m ethods
IS ’19 20
e . g .  H ess , E ie s s ig ,  e t  a l .  D e rv ic h ia n  and  Laohampt ,
21 22 
S ta u f f  , H ark ins a l . te n d e d  to  ad o p t th e  la m e l la r  o n ly
s l i g h t l y  io n is e d  m ic e lle  o f  McBain s in c e  i t  was b e l ie v e d  t h a t
th e  m ic e l le s  must p o sse ss  some r e g u la r  s t r u c t u r e  to  p roduce
th e  d i f f r a c t i o n  e f f e c t s .
At f i r s t ,  two X -ray  bands were o b se rv e d , one -  th e
s h o r t  (S ) sp a c in g  -  h av in g  a  v a lu e  o f ab o u t A, i s
in d e p en d en t o f  th e  le n g th  o f  th e  h y d ro carb o n  c h a in  and o f  th e
c o n c e n t r a t io n ,  and i t  was th o u g h t to  be due to  a  p a r a l l e l
arran g em en t o f hyd ro carb o n  c h a in s  in  th e  m ic e l le .  The second
band -  th e  (l) band -  v a r ie s  w ith  c o n c e n tr a t io n  and was b e l ie v e d
23
t o  g iv e  th e  in t e r m ic e l l a r  d i s t a n c e .  McBain c o n s id e re d  
t h a t  X -ray  bands p ro v ed  th e  e x is te n c e  o f la m e l la r  m ic e l le s  
even th o u g h  th e y  d id  no t a p p e a r  o v er th e  w hole range  o f  
c o n c e n tr a t io n  in  w hich  he b e l ie v e d  c o l lo id  to  be  p r e s e n t .
In  1947» Harkins and h is  c o lla b o ra to rs  d iscovered  a
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t h i r d  ( m) band somewhat w eaker th a n  th e  o th e r  two and
in d e p en d en t o f  c o n c e n tr a t io n .  T h is was i d e n t i f i e d  a s  th e  
d is ta n c e  betw een th e  p o la r  heads o f  th e  m ic e l le ,  i t s  v a lu e  
b e in g  a p p ro x im a te ly  tw ice  th e  le n g th  o f  th e  h y d ro ca rb o n  c h a in .  
W hile H ark in s b e l ie v e d ,  a s  d id  H a r t le y ,  t h a t  th e r e  was o n ly  
one ty p e  o f  m ic e lle  i n  d i l u t e  soap  s o l u t i o n s ,  he p ic tu r e d  i t
8a s  a  s h o r t  c y l in d e r  c o n ta in in g  a n y th in g  from  )0  to  I 70  so ap
m o le c u le s , r a t h e r  th a n  as a  s p h e re ,
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B e rn a l p o in te d  ou t t h a t  to  e x p la in  th e  X -ray  d a ta  b y
a  la m e l la r  m ic e l le  meant o m it t in g  a  c o n s id e ra b le  f r a c t i o n  o f
th e  w a te r  p r e s e n t ,  a s  th e  m ic e l le  would h a re  to  be s e p a r a te d
by  a  g r e a t e r  d e p th  o f  w a te r ,  l a t e r a l l y ,  th a n  t h a t  h e ld  betw een
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th e  io n ic  f a c e s .  H a r tle y  s u g g e s te d  t h a t  i n  f a i r l y  c o n c e n tra ­
te d  s o lu t i o n s ,  r e p u ls iv e  e f f e c t s  betw een  s p h e r i c a l  m ic e l le s  
c o u ld  g iv e  r i s e  t o  a  r e g u la r  s t r u c t u r e  i n  s o l u t i o n  w hich  would 
g iv e  X -ray  d i f f r a c t i o n  b an d s . He was a b le  t o  f in d  r e a s o n a b le  
v a lu e s  f o r  th e  s i z e  o f  h is  s p h e r i c a l  m ic e l le  b y  u s in g  th e  lo n g  ( l )  
X -ra y  sp a c in g  as th e  d is ta n c e  betw een  th e  c e n t r e s  o f  th e  m ic e l le s .  
F u rth e rm o re  th e  s p h e r i c a l  m ic e l le  was ca p ab le  o f  e x p la in in g  t h i s  
X -ray  band  w ith o u t o m it t in g  a  la rg e  f r a c t i o n  o f  th e  w a te r  
p r e s e n t .
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C o rr in  , o r i g i n a l l y  a  s u p p o r te r  o f  th e  McBain th e o ry ,  
was a l s o  a b le  to  acco u n t f o r  th e  X -ray  d a ta  on th e  b a s i s  o f  a  
s p h e r i c a l  m ic e l le  and he co n c lu d ed  t h a t  t h i s  ty p e  o f  m easurem ent 
w ould n o t  a llo w  a  d e c is io n  betw een  la m e l la r  and s p h e r i c a l  
m ic e l le s .
T here a re  th u s  two main t h e o r i e s  c o n c e rn in g  th e  n a tu r e  o f  
th e  m ic e l le s  i n  soap  s o lu t io n s .  McBain p o s tu l a t e s  a t  l e a s t  
two ty p e s  o f  m ic e l le ,  th e  f i r s t ,  a  sm a ll p o ly v a le n t ,  io n ic
m ic e l le  c o n ta in in g  n o t more th a n  te n  p a r a f f i n  c h a in  io n s  and 
r e t a i n i n g  i t s  c h a rg e , w h ile  th e  second i s  th e  l a r g e r ,  a lm o s t 
n e u t r a l  la m e l la r  m ic e l le  w ith  th e  p a r a f f i n  c h a in s  a l ig n e d  
p a r a l l e l  to  one a n o th e r  ( f i g .  l ) .  The io n ic  m ic e l le  i s  
b e l ie v e d  to  be form ed b e fo re  th e  c o n c e n tr a t io n  g e n e r a l ly  known 
a s  th e  C .M .C ., i s  re a c h e d . W hile some in v e s t ig a t io n s  have
8»  #50
shown a  r i s e  in  c o n d u c t iv i ty  b e fo re  th e  C.M.C. o th e r s
81 82
have n o t  co n firm ed  t h i s  . McBain has p o in te d  o u t t h a t
B a r t l e y ’s s p h e r ic a l  m ic e lle  a g re e s  none to o  w e l l  w ith  th e
d im en sio n s o f  soap  m o le c u le s . He h as d e s c r ib e d  a l l  p u b lis h e d
d iag ram s as  a  ’ t r a v e s ty  o f  w e ll  known a tom ic  and m o le c u la r
d im e n s io n s , s in c e ,  even  i f  th e se  s h o r t  t h i c k  ro d s  co u ld  be
83 .
c lo s e  packed r a d i a l l y ,  as  Ward c a l c u l a t e s ,  o v e r o f  th e  
m ic e l l a r  s u r fa c e  would be o ccu p ied  by  h y d ro ca rb o n ’ . In  g e n e ra l  
McBain b e l ie v e s  th e  p r o p e r t ie s  o f  soap  s o lu t io n s  to  be to o  
co m p lic a te d  to  be e x p la in e d  by one ty p e  o f  m ic e l le  i . e .  ’ i f  
th e r e  i s  any way in  w hich io n s  o r  io n  p a i r s  ceui come to g e th e r  
o r  a s s o c ia t e  w ith  any r e d u c t io n  i n  f r e e  e n e r g y . . .  th e n  t h a t  
com plex m ust e x i s t ,  however s l i g h t ,  i n  soap  s o l u t i o n s ’ .
On th e  o th e r  hand . H artley ^  has p o in te d  o u t t h a t  McBain’s  
p o s tu l a t e  o f  an  a b ru p t d e c re a se  i n  th e  s im p le  d i s s o c i a t i o n  o f  
p a r a f f i n  c h a in  s a l t s ,  i s  open to  two s e r io u s  o b je c t io n s .  F i r s t  
’ th e r e  i s  no p ro b ab le  mechanism f o r  t h i s  d e c re a se  a s  lo n g  as
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th e  p a r a f f i n  c h a in  io n s  rem ain  s e p a r a te  from  one a n o th e r* , 
and seco n d , ’ th e  d e c re a s e  i s  supposed  to  c e a se  a t  j u s t  th e  
c o n c e n tr a t io n  w here , i n  th e  fo rm a tio n  o f  a g g re g a te s  o f  p a r a f f i n  
c h a in  io n s ,  a  v e ry  p ro b a b le  m echanism  f o r  i t s  commencement comes 
in to  b e in g * .
O ther w orkers have te n d e d  to  ad o p t v iew s s im i l a r  to
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e i t h e r  H a r t le y ’s  o r  M cBain’s th e o r ie s #  Thus Lawrence p ro p o sed  
a  ty p e  o f  s p h e r i c a l  m ic e l le  i n  w h ich  th e  p a r a f f i n  c h a in s  w ere 
a r ra n g e d  a lo n g s id e  one suiother# He a ls o  b e l ie v e d  t h a t  ’ s e c o n d a ry ’
m ic e l le s  w ere form ed by  co h e s io n  o f  th e  p o la r  end g roups o f  th e
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s p h e r ic a l  m ic e l le s  . E lev en s has s u g g e s te d  an  o b la te
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s p h e ro id . H ark in s , who a t  one tim e p ro p o sed  a  c y l i n d r i c a l
m ic e l le ,  h as  more r e c e n t ly  c o n s id e re d  a  q u a s i - o b la te  s p h e ro id
w ith  th e  c h a r a c t e r i s t i c s  o f  b o th  th e  c y l i n d r i c a l  m ic e l le  and th e
o b la te  s p h e ro id .
8 S # 3 9
Wins o r  h as  d ev e lo p ed  a  v e ry  g e n e ra l  th e o ry  w hich  i s
p a r t i c u l a r l y  s u i t a b l e  f o r  d e a l in g  w ith  some s o l u b i l i s a t i o n  
phenomena.
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T h is  l à  Bhown d ia g ra a m a t ic a l ly  'below*
i i l i i
Î Î Î Î Î
i r - A -  —
MOlBCUinR °  ^  / c  '  '  MOLECULftR
DISPERSION ( 5 . t < i )  (S ^ ^ ^ î)
,N WATER I  SYSTEM ^
( e x c e s s  ORGANIC c r y s t a u in e  W ) ( E x c e s s  h y o r o ph iu c  
Liq u id  + ^ i )  So lu tio n ^  l iq u id  + 5 , ^
W I s  th e  h y d ro p h i l ic  s e c t io n  o f  th e  m ic e l le  
C i s  th e  a m p h ip h ilic  s e c t io n  o f  th e  m ic e lle  
0 i s  th e  l i p o p h i l i c  s e c t io n  o f  th e  m ic e l le
R i s  th e  r a t i o  o f  th e  d is p e r s in g  te n d e n c ie s
o f  l i p o p h i l i c  and h y d ro p h il ic  f a c e s  o f  G 
r e s p e c t iv e ly .
T here a re  th u s  th r e e  ty p e s  o f  m ic e l le s  v i s u a l i s e d .
W insor b e l ie v e s  t h a t  th e y  e x i s t  to g e th e r  in  e q u i l ib r iu m  w ith  
one a n o th e r ) th e  amount o f  each  depen d in g  on th e  te m p e ra tu re  
and c o m p o s itio n  o f th e  sy s tem .
12
P a r a f f in  Chain S a l t s  in  th e  P re sen ce  o f  A d d i t iv e s >
S o l u b i l i s a t i o n .
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McBain has d e f in e d  s o l u b i l i s a t i o n  a s  ' t h e  sp o n tan eo u s 
p assag e  o f  m o lecu les  o f  a  s u b s ta n c e , in s o lu b le  in  w a te r ,  in to  
a  d i l u t e  aqueous s o lu t io n  o f  a  d e te r g e n t ,  to  form  a  therm o­
d y n am ica lly  s t a b le  s o l u t i o n ' .  I t  has b een  su g g e s te d  by
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Lawrence t h a t  s o l u b i l i s a t i o n  may be d iv id e d  in to  two ty p e s  
depend ing  on th e  p o l a r i t y  o f  th e  a d d i t iv e  o r  s o l u b i l i s a t e .
F i r s t  th e r e  i s  in c o r p o r a t io n  in to  th e  h y d ro carb o n  i n t e r i o r  o f  
th e  m ic e l le ,  f o r  n o n -p o la r  s o l u b i l i s â t e s ,  and seco n d , in c o rp o ra ­
t i o n  in to  th e  p a l i s a d e  l a y e r  o f  th e  m ic e l le  w ith  th e  p o la r  
s o l u b i l i s a t e  o r ie n te d  i n  ap p ro x im a te ly  th e  same m anner as  th e  
soap  m o le cu le .
( i )  I n c o rp o ra t io n  in to  th e  H ydrocarbon C en tre  o f  th e  M ic e l le .
H artley ^^  found  th e  s o l u b i l i t y  o f  tra n s -a z o b e n z e n e  in  
aqueous s o lu t io n s  o f  c e t y l  p y r id in iu m  c h lo r id e  to  be ro u g h ly  
th e  same a s  i t s  s o l u b i l i t y  i n  an  e q u iv a le n t  amount o f  l i q u i d
hex ad ecan e , s u g g e s t in g  a  l i q u i d  p a r a f f i n i e  i n t e r i o r  i n  th e
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m ic e l le s .  E x te n s iv e  X -ray  work by E r is h n a m u r ti  , Hess ejb a l .
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Hughes, ; Sawyer and T in o g ra d  and H a rk in s , M attoon  and 
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c o lle a g u e s  h a s  g iv e n  more d i r e c t  e v id e n ce  t h a t  th e  n o n -p o la r
h y d ro carb o n s p e n e t r a te  in to  th e  i n t e r i o r  o f  th e  m ic e l l e ,  e . g .  th e
weak (M) X -ray  band has b een  shown to  in c re a s e  a s  h y d ro carb o n  i s
added to  th e  s o lu t io n ,  r e a c h in g  a  maximum when th e  l i m i t  o f
26s o l u b i l i s a t i o n  i s  reach ed
13
f
C a tio n ic  d e te r g e n ts  g e n e r a l ly  s o l u b i l i s e  s e v e r a l  tim es
more h y d ro carb o n  th a n  do a n io n ic  d e te r g e n ts  o f  s im i l a r  c h a in  
45
le n g th  • The gatft c f  Hnr.THWira ""g£= s o l u b i l i s a t i o n  o f 
h y d ro carb o n s in c r e a s e s  w ith  soap  c o n c e n t r a t io n ,  any ex cess  
h y d ro carb o n  b e in g  p r e s e n t  a s  a  s e p a r a te  p h a s e . In c re a s e  in  
th e  c h a in  le n g th  o f  th e  s o l u b i l i s a t e  d e c re a s e s  s o l u b i l i s a t i o n
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w h ile  c y c l i s a t i o n  has th e  o p p o s ite  e f f e c t  • A d d itio n  o f  a  
p o la r  compound, e . g ,  a  lo n g  c h a in  a lc o h o l ,  g r e a t l y  enhances th e  
s o l u b i l i s a t i o n  o f  a  h y d ro carb o n  w h ile  th e  p re se n c e  o f  a  h y d ro -
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ca rb o n  in c r e a s e s  th e  s o l u b i l i s a t i o n  o f  a  p o la r  compound .
T h is  has b een  e x p la in e d  on th e  g rounds t h a t  s o l u b i l i s a t i o n  o f  
b o th  p o la r  and n o n -p o la r  a d d i t iv e s  in c r e a s e s  th e  s i z e  o f  th e  
m ic e l le s  and so a llo w s  them to  ta k e  up more n o n -p o la r  o r  p o la r  
a d d i t iv e s  r e s p e c t iv e ly ,
( i i )  P e n e t r a t io n  in to  th e  P a l is a d e  L ayer o f  th e  M ic e l le ,
The s o l u b i l i s a t i o n  o f  p o la r  a d d i t i v e s ,  e . g ,  lo n g  c h a in  
a l c o h o ls ,  am ines e t c . ,  i s  u s u a l ly  m arked ly  d i f f e r e n t  from  t h a t  
o f  n o n -p o la r  a d d i t i v e s .  F o r in s t a n c e ,  th e r e  i s  no in c r e a s e  in  
th e  'M ' X -ray  sp a c in g  and th e  s o l u b i l i s a t i o n  d e c re a s e s
^ w i th  in c r e a s in g  c o n c e n t r â t io n ^ a lth o u g h  th e  amount a c t u a l l y
s o l u b i l i s e d  i s  g r e a t e r  th a n  f o r  com parable h y d ro ca rb o n  a d d i t i v e s .  
S tu d ie s  o f  th e  e f f e c t  o f  changes i n  th e  n a tu re  o f  th e  soap  and 
th e  a d d i t iv e  e . g .  c h a in  le n g th ,  p o l a r i t y ,  c h a rg e , c h a in  b ra n c h in g ,
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e t c . ,  te n d  to  co n firm  th e  d i f f e r e n c e  in  mechanism m entioned
above betw een  th e  s o l u b i l i s a t i o n  o f  p o la r  and n o n -p o la r  
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a d d i t iv e s  •
W hile th e  s o l u b i l i s a t i o n  o f  long  c h a in  a lc o h o ls  in c r e a s e s
as th e  c h a in  le n g th  o f  th e  s o l u b i l i s e r  i s  in c re a s e d ,  i t  te n d s
to  l e v e l  o f f  e v e n tu a l ly .  The t r a n s i t i o n  w hich  o ccu rs  h e re
60
has been  d is c u s s e d  by E lev en s  on th e  b a s i s  o f  th e  r e l a t i v e
a m p h ip h ilic  p r o p e r t i e s  o f  th e  lo n g  c h a in  a lc o h o ls  and by  
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W insor who s u g g e s ts  t h a t  th e  r e l a t i v e l y  h y d r o p h i l ic  a d d i t iv e s
te n d  to  form  h i s  ty p e  I I  system s ( i . e .  Sg m ic e l le s  p lu s  e x c e ss
aqueous l iq u i d )  w h ile  th e  more l i p o p h i l i c  a d d i t iv e s  g iv e  ty p e  I
system s ( i . e .  m ic e l le s  p lu s  ex c e ss  o rg a n ic  l i q u i d ) .
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More r e c e n t ly ,  Lawrence e t  a l .  have in d ic a te d  t h a t  th e  
s o l u b i l i s a t i o n  o f  p o la r  a d d i t i v e s ,  c o n ta in in g  more th a n  ab o u t 
3 ca rb o n  atom s p e r  c h a in ,  by so ap s such  as t e e p o l ,  C .T .A .B ., e t c . , 
fo llo w s  a  g e n e ra l  b e h a v io u r . I n i t i a l  a d d i t io n s  o f  a d d i t iv e  a re  
s o lu b i l i s e d  to  a  c l e a r  i s o t r o p i c  s o lu t io n  w i th  a  la rg e  in c re a s e  
in  v i s c o s i t y .  At a  c e r t a i n  c o n c e n tr a t io n  a  l i q u i d  c r y s t a l l i n e  
phase b e g in s  to  s e p a r a te .  The volume o f  t h i s  phase in c re a s e s  
to  a  maTimnm on f u r t h e r  a d d i t io n s  b u t th e n  d e c re a s e s  u n t i l  
a n o th e r  i s o t r o p i c  s o lu t io n  i s  o b ta in e d . F u r th e r  a d d i t io n s  
cause  s e p a r a t io n  in to  two p h a s e s . The v i s c o s i t y  o f  th e s e  
s o lu t io n s  re a c h e s  a  maximum w hich  c o in c id e s  w ith  th e  s e p a r a t io n
15
o f th e  l iq u id  c r y s t a l l i n e  p h ase . S u b seq u en tly  a n o th e r ,  much 
g r e a t e r  maximum i s  reach ed  a t  ro u g h ly  e q u im o le c u la r  am ounts of 
soap and a d d i t iv e  f o r  th e  lo n g e r  c h a in  a l c o h o ls ,  b u t th e  r a t i o  
( a lc o h o l  to  so ap ) in c re a s e s  a s  th e  c h a in  le n g th  o f  th e  a lc o h o l  
i s  red u ce d . I f  th e  a d d i t iv e  c h a in  c o n ta in s  l e s s  th a n  3 ca rb o n  
a tom s, th e  l iq u i d  c r y s t a l l i n e  phase does n o t a p p e a r . The 
n a tu re  o f  th e  l iq u id  c r y s t a l l i n e  phase depends on th e  co m p o sitio n  
o f  th e  system  b u t in  th e  r e g io n  o f  h ig h  v i s c o s i t y  i t  has a  s i l k y ,  
s t r i a t e d  t e x t u r e .
The low er a lc o h o ls  e .g .  m ethy l o r  e t h y l ,  a r e  c o n s id e re d  
to  be a s s o c ia te d  w i th  th e  soap by a t t r a c t i o n  of p o la r  g ro u p s 
w h ile  th e  h ig h e r  a lc o h o ls  a re  ja c k e d  in  betw een th e  hy d ro carb o n  
soap  c h a in s .  The r e s u l t i n g  m ic e l le  i s  n o t re g a rd e d  as a  
Icom plex ' n o r  i s  th e  i n t e r a c t i o n  betw een  th e  soap  and a d d i t iv e  
a t t r i b u t e d  to  hydrogen b o n d in g ,
Lawrence a ls o  found  th a t  w hereas a n i l i n e ,  b e n z y l a lc o h o l  
and pheny l e th y l  a lc o h o l  g iv e  l i q u id  c r y s t a l l i n e  p h a s e s , p h en o l 
and e r e s o l  g iv e  system s to o  s o lu b le  f o r  th e  l i q u i d  c r y s t a l l i n e  
phase to  a p p e a r . P re v io u s ly ,  i n  a  somewhat s im i la r  in v e s t ig a -
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t i o n ,  A ngelescu  and h i s  c o lle a g u e s  had  s tu d ie d  th e  e f f e c t
o f  a d d i t io n s  o f  p h en o l, c r e s o l  and o th e r  p h e n o lic  compounds, on 
th e  v i s c o s i t y  and c o n d u c t iv i ty  o f  v a r io u s  a n io n ic  soap  s o lu t io n s .  
At s u i t a b le  c o n c e n tr a t io n s ,  th e  v i s c o s i t y  ro se  to  a  maximum.
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th e n  f e l l  to  a  minimum and f i n a l l y  ro s e  a g a in  a lm o st l i n e a r l y .  
They a ls o  found  (a s  d id  Lawrence) th a t  th e  c o n d u c t iv i ty  was a t  
a  minimum when th e  v i s c o s i t y  was a t  a  maximum and v ic e  v e r s a ,  
ïphe p o la r  m o lecu les were b e l ie v e d  b o th  to  a t t a c h  th em se lv es  to  
th e  soap io n s  on th e  e x t e r i o r  o f  th e  m ic e l le  and to  p e n e t r a te  
in to  th e  m ic e l le .  A ngelescu  a l s o  c la im ed  to  have found  some 
ev id en ce  f o r  compound fo rm ation#
17
The E f f e c t  o f E le c t r o ly te s  on Soap S o lu t io n s .
The e f f e c t  o f  s im p le  e l e c t r o l y t e s  on th e  C.M.C. o f so ap
s o lu t io n s  has b een  s tu d ie d  by a  number o f  w orkers* H artley * ^
m easured th e  G*M«C* o f  c e ty l  p y r id in iu m  c h lo r id e  by th e
s o l u b i l i s a t i o n  o f t r a n s -a z o b e n z e n e . I n i t i a l  a d d i t io n s  o f
sodium  c h lo r id e  g r e a t ly  d e c re a se d  th e  G.M.C. e .g .  *01 B HaCl
red u ced  th e  C.M.G. from  9 z  10*^lf to  l . g  x  10"^M, b u t  su b se q u en t
a d d i t io n s  had much l e s s  e f f e c t*  O th er work by  T a r t a r ,  G ad le ,
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W right and  o th e rs  h as  con firm ed  th e  r e d u c t io n  i n  th e  C.M.G.
o f  soap  s o lu t io n s  on a d d i t io n  o f  s im p le  e l e c t r o ly t e s *  G o rr in
87
and H ark in s  have shown t h a t ,  f o r  a n io n ic  s o a p s , th e  r e d u c t io n
in  th e  C.M.G. i s  p r a c t i c a l l y  in d ep en d en t o f  th e  a n io n  o f  th e
added e l e c t r o l y t e  w h i le , f o r  c a t io n i c  s o a p s , i t  i s  in d ep en d en t
o f  th e  c a t io n  o f  th e  added e l e c t r o l y t e .  Sim ple e l e c t r o l y t e s
a re  g e n e ra l ly  c o n s id e re d  to  "screen#  th e  r e p u ls io n  o f  th e
charg ed  io n ic  heads o f th e  soap  io n s  an d , by so  re d u c in g  th e
p r in c ip l e  fo rc e  p re v e n t in g  m ic e l le  fo rm a tio n , to  s t a b i l i s e  th e
m ic e l le s  w ith  a  co n seq u en t r e d u c t io n  in  th e  G.M.G.
6 8 *8 *
Debye , u s in g  l i g h t  s c a t t e r i n g  te c h n iq u e s , b e l ie v e d
t h a t  th e r e  was an  in c re a s e  in  th e  s iz e  o f  m ic e l le s  on a d d i t io n
o f  e l e c t r o l y t e  b u t th e  i n t e r p r e t a t i o n  o f  such  r e s u l t s  has
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r e c e n t ly  been  c r i t i c i s e d  by H u tch in so n  who su g g e s ts  t h a t  l i g h t  
s c a t t e r i n g  m easurem ents g iv e  in fo rm a tio n  ab o u t th e  ch a rg e  r a t h e r  
th a n  th e  s iz e  o f  m ic e lle s *
18
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K o lth o f f  and Johnson  c la im  to  have shown 's o l u b i l i s a t i o n  
by exchange o f  co u n te r  i o n ' ,  by m easu ring  th e  s o l u b i l i t y  o f  th e  
s l i g h t l y  s o lu b le  dodecy l ammonium th io s u lp h a te  in  th e  s o lu b le  
d o d ecy l ammonium b rom ide. The s o l u b i l i t y  i s  f i r s t  d e c re a se d  
due to  th e  mass a c t io n  e f f e c t  b u t when th e  C.M.G. o f  th e  
brom ide has been  re a c h e d , m ic e l le s  a re  form ed w ith  an io n s  a s  
c o u n te r  io n s .  Anions ad so rb ed  on th e  m ic e l le  th e n  exchange 
w ith  an io n s  i n  s o lu t io n .  Thus an io n s  o f  th e  s l i g h t l y  s o lu b le  
compound a re  w ithdraw n from  s o lu t io n  and th e  s o l u b i l i t y  in c r e a s e s  
above th e  C.M.G.
The e f f e c t  o f  a m p h ip h ilic  e l e c t r o l y t e s  on soap  s o lu t io n s
depends on th e  n a tu re  o f  th e  ch a rg ed  head o f  th e  e l e c t r o l y t e  and
on th e  hydrophobic c h a r a c te r  o f  th e  e l e c t r o l y t e  io n .  Where
th e  e l e c t r o l y t e  io n  has th e  same ch a rg e  a s  th e  soap  io n  and i s
o f  s im i la r  c h a in  le n g th  ( i . e .  w here th e  e l e c t r o l y t e  i s  a  soap  io n )
s o l u b i l i s a t i o n  o c c u rs , th e  l e s s  s o lu b le  soap  b e in g  c o n s id e re d  to
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be s o lu b i l i s e d  by th e  more s o lu b le  one « Where th e  a m p h ip h ilic  
e l e c t r o l y t e  io n  i s  o f  o p p o s ite  ch a rg e  t o  th e  soap  io n , p r e c i p i ­
t a t i o n  o c c u rs  p ro v id ed  b o th  io n s  have c h a in s  c o n ta in in g  more th a n  
ab o u t tw elve ca rb o n  a tom s. T h is  has been  u t i l i s e d  a s  a  means 
o f  e s t im a t in g  e i t h e r  c a t io n i c  o r  a n io n ic  d e te r g e n ts .  Where 
th e  a m p h ip h ilic  io n  i s  o f  o p p o s ite  ch a rg e  to  th e  soap  io n  b u t 
has l i t t l e  hydrophobic c h a r a c te r ,  i t  i s  s im p ly  ad so rb ed  o n to  th e  
s u r fa c e  o f th e  m ic e l le .  Betw een th e  l a s t  two ex trem e c a s e s .
19
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t r a n s i t i o n  e f f e c t s  o c c u r . S c o t t ,  T a r ta r  and L in g a f e l te r
have shown th a t  a l th o u g h  sodium  o c tan e  su lp h o n a te  and o c t y l
t r im e th y l  ammonium brom ide o n ly  show ev id en ce  o f  m ic e l le s  a t
h ig h  c o n c e n tr a t io n s ,  o c ty l  t r im e th y l  ammonium o c tan e  su lp h o n a te
i s  q u i te  c o l lo id a l  w ith  a  C.M.G. o f  abou t .02M. The m ic e l le s
w hich a re  form ed in  t h i s  s o lu t io n  c a r ry  o n ly  a s l i g h t  charge
(betw een  one and tw o ) . W ith  lo n g e r  c h a in s ,  th e  s o lu t io n s
64
become more o p a le s c e n t and A nacker has i d e n t i f i e d  d i l u t e  
s o lu t io n s  o f  d e c y l t r im e th y l  ammonium d e c y l su lp h o n a te  a s  em ul­
s io n s .
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W insor has s tu d ie d  system s formed by  th e  a d d i t io n  of 
c y c lo -h e x y l ammonium c h lo r id e  t o  s o lu t io n s  o f  sodium  u ndecane- 
- ^ - s u l p h a t e . A w a te r - c l e a r  I s o t r o p ic  s o lu t io n  i s  form ed a t  
f i r s t .  Subsequent a d d i t io n s  p ro d u ce , i n  t u r n ,  an  (S^ + G) 
b ip h a s ic  sy stem , a  l i q u i d  c r y s t a l l i n e  s o lu t io n ,  a  (G + Sg) 
sy stem  a p p e a r in g  i s o t r o p ic  a t  f i r s t  b u t l a t e r  s e t t l i n g  i n to  two 
p h ases  and f i n a l l y  a  type  I I  sy s tem . T h is  ty p e  I I  sy stem  
became c l e a r  on g e n t le  s t i r r i n g  b u t s e p a ra te d  in to  two ph ases 
a g a in  when a t  r e s t .  The c l e a r ,  a p p a re n tly  i s o t r o p ic  s in g le  
phase s o lu t io n s  w hich show s tre a m in g  b ir e f r in g e n c e  a re  re g a rd e d  
as  s t a b l e  (S + G) em u ls io n s . Where s e p a r a t io n  o c c u rs , th e  
d i f f e r e n c e  betw een th e  r e f r a c t i v e  in d ic e s  and d e n s i t i e s  o f  th e  
two p h ases  i s  v e ry  s l i g h t .  The p o s s i b i l i t y  o f  two e q u i l ib r iu m  
p h ases  e x i s t in g  to g e th e r  w ith  z e ro  i n t e r f a c i a l  te n s io n  i s  
s u g g e s te d .
20
The V is c o s i ty  o f  Soap S o lu tio n s
The v i s c o s i t y  o f  soap  s o lu t io n s  b o th  a lo n e  and in  th e  
p re sc e n c e  o f  a d d i t iv e s  i s  o f te n  anom alous i . e .  i t  i s  n o t 
c o n s ta n t  as  th e  s h e a r  f o rc e  cau s in g  flow  i s  a l te r e d *  A ccord ing  
to  N ew ton 's v i s c o s i t y  law
s - 1 1f
where 8 i s  th e  s h e a r in g  fo rc e
l |,  a  c o n s ta n t ;  i s  th e  v i s c o s i t y  c o e f f i c i e n t  
and ^  i s  th e  r a t e  o f  s h e a r .
F lu id s  w h ich  do n o t obey t h i s  e q u a tio n  o v e r a  norm al
ran g e  o f  s h e a r in g  fo rc e  a re  sometimes c a l l e d  non-N ew tonian o r
e l s e  s a id  to  p o sse ss  s t r u c t u r a l  v i s c o s i t y .  T h is l a t t e r  te rm
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d e r iv e s  from  th e  work o f Oetwald on th e  v i s c o s i t y  o f  em u lso ids 
and i t  i s  in te n d e d  to  d e s c r ib e  th e  e f f e c t  o f  an o rd e re d  s t r u c t u r e  
on th e  v i s c o s i t y  o f a  s o lu t io n .
An example o f  a  v is c o u s  soap s o lu t io n  i s  a  c o n c e n tra te d
sodium  o le a te  s o lu t io n  w hich  has been s tu d ie d  by P h i l i p o f f  and
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Hess . At h ig h  p re s s u re  and c o n c e n tr a t io n  ( e .g .  ab o u t 35%),
th e  s o lu t io n s  showed a  w e l l  d e f in e d  s t r u c t u r a l  v i s c o s i t y  ex p re sse d
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by a  f a l l i n g  v i s c o s i t y  c o e f f i c i e n t .  P h i l i p o f f  a l s o  s tu d ie d  
th e  e f f e c t  o f  m -c re so l on sodium  o le a te  s o lu t io n s  and found  th a t  
th e  maximum non-N ew tonian b e h a v io u r was observed  in  th o s e  
s o lu t io n s  w hich produced  a maximum v i s c o s i t y  on th e  v i s c o s i t y -  
c o n c e n tr a t io n  c u rv e .
21
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Ostwald has suggested th a t  s t r u c tu r a l  v is c o s i ty  may 
be due to  the overlapping of the so lv en t envelopes which surround
7 0
most c o l lo id a l  p a r t ic le s  w hile McBain considers th a t  the  
v is c o s i ty  of c o l lo id a l  so lu tio n s  w i l l  depend on the  a b i l i t y  of 
in d iv id u a l p a r t ic le s  to  aggregate in to  a r e t i c u l a r  porous 
s tru c tu re  which can r e ta in  a la rg e  volume of so lv e n t.
22
V isc o -E la s tic  Soap S o lu tio n s♦
While soap so lu tio n s  which possess h igh  v is c o s i ty  a re  
com paratively  common, th e re  are  not so many soap s o lu tio n s , 
which show pronounced e l a s t i c  "behaviour. Perhaps the b e s t  
known example is  ammonium o le a te .  When a beaker co n ta in in g  
ammonium o le a te  s o lu tio n  (about .003W) is  r o ta te d ,  and then  
stopped , the  so lu tio n  w i l l  a t  f i r s t  continue to  ro ta te  under i t s  
own momentum fo r  a sh o rt time bu t then  ro ta te  in  the rev erse  
d ir e c t io n  showing a kind of e l a s t i c  q u a l i ty  ( e l a s t i c  r e c o i l ) .
Such so lu tio n s  a re  o fte n  much more d i lu te  than  those  which are  
v iscous g e ls .
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Hatschek and Jane s tu d ied  ammonium o le a te  so lu tio n s  
in  a Couette v iscom eter. When the  o u te r c y lin d e r  was ro ta te d  
a t  co n stan t speed, the torque on the  in n er one, a f t e r  a sh o rt 
normal p e r io d , increased  to  an i r r e g u la r ly  f lu c tu a t in g  value 
many tim es g r e a te r .  . A fte r a p e rio d  o f r e s t ,  th i s  behaviour 
could be re p e a te d . I t  seemed th a t  a  g e la tin o u s  s t ru c tu re  was 
a c tu a lly  b u i l t  up by the process of sh ea r and d is s ip a te d  again  
a t  r e s t .
72L ater Andyade and Lewis showed th a t  th e  anomalous 
In c rease  in  torque was a sso c ia te d  w ith  the  onset o f tu rb u len ce .
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In  1936, H artley  remarked th a t  the tu rbu lence  i t s e l f ,  a lso  
anomalous and of abnormal appearance, was an o th er r e s u l t  o f the 
s t ru c tu re  b u i l t  up, r a th e r  than the  d i r e c t  cause o f the in c reased  
to rq u e . H artley  a lso  described  a rem arkable example o f
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v is c o - e la s t ic  behaviour in  d i lu te  s o lu tio n  shown by a . 02^  
s o lu tio n  o f th e  copper s a l t  o f p-hexadecozy benzene su lphonic
a c id  a t  80- 90*0 . I f  th i s  s o lu tio n  i s  u n d is tu rb ed , a stream  
of a i r  bubbles w i l l  r i s e  through i t  in  a manner s im ila r  to  th a t  
in  which they  would r i s e  th rough  w ater and a lso  in  a s im ila r  
tim e. I f  the  s o lu tio n  i s  g en tly  s t i r r e d ,  however, the upward 
course o f the bubbles takes much longer and i s  extrem ely 
i r r e g u la r .  The bubbles fre q u e n tly  c o l le c t  in  sm all c lu s te r s  
and w hether s in g le  o r in  c lu s te r s  they  a re  seen to  h a l t  a t ,  o r 
be d iv e r te d  round, in v is ib le  b a r r i e r s .  About a minute a f t e r  
s t i r r i n g  i s  stopped , th e  normal behaviour i s  com pletely re s to re d .
H artley  c a l l s  th is  'n e g a tiv e  th ix o tro p ic  b e h a v io u r '.
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More re c e n tly  Bungenberg de Jong and o th e rs  have
s tu d ied  the  v iscous and e l a s t i c  p ro p e r tie s  o f aqueous sodium 
o le a te  in  the  presence of v ario u s a d d it iv e s  ( e le c t ro ly te s  o r
V 76p o la r  o rgan ic compounds), w hile P i lp e l  has shown th a t  a  
ty p ic a l  v i s c o - e la s t ic  soap s o lu tio n  appears to  show much the 
same m echanical behaviour as o th e r  types of v is c o -e la s t ic  
so lu tio n s  e .g .  polymethyl m ethacry la te  in  to lu en e .
65Winsor has d iscussed  the n a tu re  of v is c o - e la s t ic  soap 
so lu tio n s  and has attem pted to  e x p la in  some t h e i r  p ro p e r tie s  by
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means of h is  theory  of mice l i a r  eq u ilib rln m . He considers  
these  's o lu t io n s ' to  be , in  f a c t ,  in tim a te  em ulsions o f (S + G) 
phases. On s t i r r i n g  such a s o lu tio n  as ammonium o le a te ,  he 
b e liev es  th a t  a f in e ly  d isp ersed  em ulsion i s  formed and th a t  
th i s  emulsion r e v e r t s ,  on s tan d in g , to  a co a rse , p o ss ib ly  
m u ltip le , d isp e rs io n . The marked h y s te re s is  in  m echanical 
p ro p e rtie s  d e r iv e s , he argues, from the p rog ress of the  
d isp e rs io n  of th e  (S + 6 ) em ulsions when th e 'S o lu t io n s ' are  
under shear and of t h e i r  p a r t i a l  co ag u la tio n  when a t r e s t .
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V isc o -E la s tic  S o lu tions formed by the A ddition of C erta in  
Organic E le c tro ly te s  to  Aqueous C etyl Trim ethyl Ammonium Bromide
In the course of some work in  th i s  la b o ra to ry  on
th e  v is c o s i ty  of CTA By/phenol/vateryelectrolyte system s,
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Dr. W. Good and Mr. E. Walker were led  to  examine the system
CTAB-sodium s a l ic y la te -w a te r .  This so lu tio n  had a v is c o s i ty ,
as measured by the time of flow through an Ostwald v iscom eter,
which was v a s t ly  g re a te r  than  anything h i th e r to  encountered .
I t  was a lso  n o tic e a b le , however, th a t  most of th e  s o lu tio n s
were extrem ely e l a s t i c  and th a t  they  showed p ro p e r tie s  which are
ty p ic a l  of v i s c o -e la s t ic  soap s o lu t io n s .  For example, on
stream ing  they become b iré f r in g e n t  w h ile , when sheared between
v e r t i c a l  co ax ia l c y lin d e rs  they 'c l im b ' the  in n e r w all (the
W eissenberg e f f e c t ) .
Subsequently the v is c o s i ty  o f a la rg e  number of C.T.A.B.
so lu tio n s  co n ta in in g  d i f f e r e n t  types of e le c tr o ly te s  was
measured by use of the Ostwald v isco m eter. The v is c o s i ty -
co n cen tra tio n  curves were g e n e ra lly  s im ila r  in  th a t  the v is c o s i ty
f i r s t  r i s e s  to  a maximum as the e le c t r o ly te  i s  added to  a f ix e d
amount of C.T.A.B. and then  f a l l s  aga in  alm ost as sh a rp ly . The
p r in c ip a l  r e s u l t s  were ob tained  u s in g  a .027 M co n cen tra tio n
of C.T.A.B and they  are  shown in  ta b u la r  form below. The f ig u re s
r e f e r  to  the  time in  seconds fo r  th e  s o lu tio n  o f maximum
v is c o s i ty  to  run through a No. 2 B .S .S . v iscom eter, w hile the
2
numbers in  b rack e ts  a re  the m o la r i t ie s  of the s a l t s  XIO in
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th ese  s o lu t io n s . The zeroes in  th e  ta b le  in d ic a te  th a t  the  
isomer in  qu estio n  has no e f f e c t  on the v is c o s i ty  o f . 027M C.T.A.B. 
s o lu tio n .
TABLE I
S a l t Para Meta Ortho
Chlorobenzoate 27.800 (5 .4 ) 12,000 (5 .7 ) 0
Toluate 5,600 (1 6 .8 ) 140 (7 .7 ) 0
Toluenesulphonate 1,275 (4 .5 ) - 314 (4 .3 )
C resy la te 1,120  (7 . 2 ) 156 (10 .8) 31 (7 .8 )
K itrobenzoate 32 (3 .3 ) 0 0
B enzenedicarboxylate 0 0 1,420 (5 .0 )
Aminobenzoate 0 0 61 ( 6 . 6 )
Hÿdroxybenzoate 0 1,880  (8 . 8 ) 212,900 (1 .7 )
( s a l i c y la te ) 65,000 (8 .0 )
(two maxima)
Benzoate 28 (10 .0 )
While th e  p re c ise  s ig n if ic a n c e  of the  time of flow of 
these  s o lu t io n s ,  e s p e c ia l ly  the  more v is c o -e la s t ic  ones, through 
a v isco m eter, i s  not c le a r ly  understood , th e  above f ig u re s  do 
give an in d ic a tio n  of the s iz e  o f th e  aggregates producing 
v iscous behav iou r, in  th ese  s o lu t io n s .  The m echanical behaviour 
of the more e l a s t i c  so lu tio n s  i s  so su sc e p tib le  to  changes in  
sh ea rin g  fo rc e  th a t  the term  "v iscosity*  i s  ra th e r  m isleading
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and has only been used in  connection w ith  them because a whole 
range o f so lu tio n s  from those of Newtonian v is c o s i ty  to  those 
po ssess in g  h igh ly  complex e l a s t i c  s t r u c tu r e s ,  i s  encountered 
in  th i s  work.
Among the  s a l t s  shown above, two a re  o u ts tan d in g  in  
t h e i r  e f f e c t  on th e  v is c o s i ty  o f C.T.A.B. s o lu tio n s . One i s  
sodium s a l ic y la te  and th e  o th e r , sodium ^^ch lo robenzoate . The 
form er i s  unusual in  th a t  the v is c o s ity -c o n c e n tra tio n  curve has 
two maxima, the f i r s t  a very  sharp one, the  second much broader, 
V isc o s ity  e f f e c ts  beg in  to  appear in  CTA - s a l ic y la te  so lu tio n s  
a t  co n cen tra tio n s  a t  which th e  v is c o s i ty  of the  so lu tio n s  
co n ta in in g  the  o th e r a d d itiv e s  i s  s t i l l  normal i . e .  the same as 
w a te r.
A number of o th e r more complex s a l t s  have been examined. 
The in tro d u c tio n  of a hydroxy group in  the  "4 * p o s it io n  of th e  
s a l ic y la te  ion to  g ive 2*4-dihydroxy benzoate alm ost com pletely 
d es tro y s  the v is c o - e la s t ic  e f f e c t .  On the  o th e r hand, the 
2 t 6-dihydroxy benzoate shows two maxima of magnitude comparable 
to  the s a l ic y la te  bu t occu rring  over a very  much reduced range 
of co n cen tra tio n  and in  a reg io n  of s a l t  co n cen tra tio n  even 
lower than  th a t  in  which th e  s a l ic y la te  shows i t s  g re a te s t  
v is c o s i ty  e f f e c t .  The p^-chlorobenzoate ion  i s  le s s  s e n s i t iv e  
to  the  in tro d u c tio n  of more ch lo rin e  atoms, the  2%4 &ud th e  
3»4-d ich lo robehzoates bo th  g iv ing  q u ite  v iscous so lu tio n s  w ith
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th e  C .T .A .B ,, though  n o t as v is c o u s  a s  th e  ^ -c h lo ro b e n z o a te  
-C .T .A .B . s o lu t io n  i t s e l f .
On th e  b a s i s  o f th e  ev id en ce  a v a i la b le  and by  a  s tu d y  
o f  s u i t a b le  m o le c u la r  m odels, D r. Good c o n s id e rs  t h a t  th e  
h yd rocarbon  c h a in  o f  th e  C .T .A t io n  te n d s  to  be hooked round  
th e  hydrophobic  p a r t  o f  th e  o rg a n ic  e l e c t r o l y t e  i . e .
t h i s  u n i t  b e in g  a s s o c ia te d  w i th  th e  o th e r  o f  s im i la r  s t r u c t u r e  
to  g iv e  à  la rg e  th r e a d l ik e  ( o r  p o s s ib ly  la m e l la r )  a g g re g a te  
such  a s •
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O ther ev id en ce  fa v o u r in g  t h i s  view  i s  t h a t  th e  le n g th  o f  
th e  c a t io n i c  c h a in  seems to  he c r i t i c a l .  When d o d ecy l t r im e th y l  
ammonium brom ide o r  o c ta d e c y l t r im e th y l  ammonium brom ide a re  
u sed  i n  p la c e  o f C .T .A .B », th e  v i s c o - e l a s t i c  e f f e c t s  a re  g r e a t l y  
re d u c e d . F u rth erm o re  th e  in t r o d u c t io n  o f  th e  b u lk y  p h en y l 
g ro u p in g  in to  th e  s a l i c y l a t e  io n  to  g iv e  5 -p h e n y l s a l i c y l a t e ,  
le a d s  to  a  much l e s s  v is c o u s  s o lu t io n  th a n  t h a t  o b ta in e d  w ith  
s a l i c y l a t e .
Good and W alker have a l s o  shown t h a t  sodium  s a l i c y l a t e  
and sodium  jg -ch lo ro b en z o a te  b o th  a p p e a r  t o  have an  u n u su a l 
e f f e c t  on th e  C.M.G. o f  C .T .A .B . s o l u t i o n s .  As th e  s a l t  i s  
added to  th e  C .T .A .B ., th e  C.M.G. i s  red u ced  (a s  w ith  an  
o rd in a ry  e l e c t r o l y t e ) ,  b u t t h i s  e f f e c t  i s  soon  re v e r s e d  and th e  
C.M.C. in c re a s e s  to  a  v a lu e  c o n s id e ra b ly  in  e x c e s s  o f  th e  C.M.!C. 
o f  C .T .A .B . a lo n e .
P A R T  I .
s u K B s a a a x t a n a
The A d so rp tio n  o f CTAB from  aqueous s o lu t io n s  on g r a p h i te ,  
a lu m in a , t i ta n iu m  d io x id e  and s i l i c a .
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IHTRODUGTIOK
The a d s o rp t io n  (|^) o f a  su b s ta n c e  i s  c l a s s i c a l l y  d e f in e d
f o r  th e  i n t e r f a c e  o r  boundary  betw een two p h ases  by th e  e q u a tio n
00
r  "  lo  -  c(60)]dx
w here ^  i s  th e  c o n c e n tr a t io n  o f  th e  s u b s ta n c e , _x i s  th e  d is ta n c e  
from  th e  ^ i n t e r f a o i a l  p lane*  and c(m) i s  th e  c o n c e n tr a t io n  i n  th e
b u lk  phase o u ts id e  th e  i n t e r f a c i a l  r e g io n .  The *i n t e r f a c i a l
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p lan a*  was d e f in e d  by J# W. G ibbs as  an  o r i g i n ,  p la c e d  somewhat 
a r b i t r a r i l y  i n  th e  i n t e r f a c i a l  r e g io n .  D efin ed  in  t h i s  way, 
th e  a d s o rp t io n  o f  a  su b s ta n c e  im p lie s  no m echanism .
The m ost s tu d ie d  in t e r f a c e s  betw een  two ph ases a re  th e  
s o l i d - g a s ,  th e  v a p o u r - l iq u id  and th e  s o l i d - l i q u i d  I n t e r f a c e s .
The f i r s t  tw o , a l th o u g h  n o t s t r i c t l y  co n cern ed  w ith  t h i s  i n v e s t i ­
g a t io n ,  may be m entioned  b r i e f l y  a s  some o f t h e i r  c h a r a c t e r i s t i c s  
a re  an a lo g o u s t o  th o se  o f  th e  s o l i d - l i q u i d  i n t e r f a c e .
The a d s o rp t io n  o f  a  g as  a t  th e  s u r fa c e  o f a  s o l i d  h as  b een
78
in te r p r e t e d  m ain ly  by th e  th e o r ie s  o f  Langm uir and B ru n a u e r,
,  . . .80*81 
Enmet%, T e l l e r ,  Deming (L.S,) and Deming (W .£ .) • The
langm uir e q u a t io n  was d e r iv e d  f o r  th e  e q u i l ib r iu m  betw een  gas
m olecules a d h e r in g  to  a  homogeneous s u r f a c e  due to  s h o r t  ran g e
f o rc e s ,  and th o s e  w hich  te n d ed  to  rebound in to  th e  gaseous p h a s e .
The ad so rb e d  f i lm  was c o n s id e re d  to  be  u n im o le c u la r . B ru n au er
a l .  g e n e r a l i s e d  th e  Langmuir e q u a tio n  i n  o rd e r  t o  a cco u n t f o r
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m u l t i l a y e r  a d s o rp t io n  and th e y  were a b le  to  e v e n tu a l ly  e x p la in  
th e  f iv e  ty p e s  o f iso th e rm s  o b ta in e d  in  th e  p h y s ic a l  a d s o rp t io n  
o f g a se s  on s o l i d s .
The g a s - l i q u id  i n t e r f a c e  i s  o f  i n t e r e s t  h e re  i n  
c o n n e c tio n  w ith  th e  a d s o rp t io n  o f lo n g  c h a in  a m p h ip h ilic  
compounds, such  as p a lm i t i c  a c id ,  on th e  s u r fa c e  o f  w a te r  to  
form  u n im o le c u la r  f i lm s .  When s u b je c te d  to  a  s u i t a b l e  
p r e s s u r e ,  such  su b s ta n c e s  become o r ie n te d  w ith  th e  p o la r  g roup  
in  th e  aqueous phase and th e  h y d ro ca rb o n  c h a in s  a l ig n e d  p a r a l l e l  
to  one a n o th e r  b u t d i r e c t e d  away from  th e  aqueous phase#
S tu d ie s  o f  t h i s  phenomena have re v e a le d  v a lu a b le  in fo rm a tio n  
ab o u t th e  d im ensions o f  c e r t a i n  m o le c u le s .
When th e  a m p h ip h ilic  compound i s  s o lu b le  i n  th e  aqueous 
p h a s e , th e r e  i s  a  r a p id  r e d u c t io n  i n  th e  s u r fa c e  t e n s io n  o f  th e  
s o lu t io n  a t  low c o n c e n tr a t io n s  o f  th e  a d d i t i v e .  S u b se q u e n tly  
a  minimum i s  found b u t  t h i s  seems to  be due t o  sm a ll am ounts o f
s u r fa c e  a c t iv e  im p u r i t ie s  w hich  a re  s o l u b i l i s e d  once th e  C.M.G.
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has b een  rea c h ed  . The s u r fa c e  te n s io n  e v e n tu a l ly  becomes 
c o n s ta n t  s in c e  a l l  f u r t h e r  added s o lu te  d is s o lv e s  a s  m ic e l le s .
F o r a  number o f  r e a s o n s ,  a d s o rp t io n  a t  th e  s o l u t i o n - s o l i d  
i n t e r f a c e  i s ,  i n  g e n e r a l ,  more c o m p lic a te d  th a n  a t  th e  g a s - s o l id  
o r  th e  g a s - l i q u id  i n t e r f a c e s .  F i r s t ,  c o m p e titio n  f o r  th e  
s u r f a c e  betw een  th e  s o lv e n t  and th e  s o lu te  m o lecu les  m ust be 
ta k e n  in to  acooumt a t  h ig h e r  c o n c e n t r a t io n s .  F o r tu n a te ly ,  th e
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most i n t e r e s t i n g  changes in  th e  a d s o rp t io n  o f  s u r fa c e  a c t iv e
a g e n ts  o ccu r a t  low c o n c e n tr a t io n s ,  so t h a t  any e r r o r  in v o lv e d
in  n e g le c t in g  th e  a d s o rp tio n  o f s o lv e n t  i s  g e n e r a l ly  l e s s  th a n
es
t h a t  o f  th e  u s u a l  e x p e rim e n ta l m ethods « Second , even i f  
th e  s u r fa c e  o f  th e  s o l i d  i s  hom ogeneous, th e r e  a re  u s u a l ly  
la r g e  numibers o f  c o r n e r s ,  fa c e s  and e d g e s , w hich g iv e  r i s e  to  
a d s o rp t io n  s i t e s  o f  d i f f e r e n t  e n e rg ie s  s in c e  t h e i r  r e s id u a l
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a t t r a c t i v e  fo rc e s  a re  d i f f e r e n t  • T h ird , many s o l i d  s u r f a c e s
a re  h e te ro g en eo u s  and c o n ta in  f u n c t io n a l  g roups s c a t t e r e d  a t
random o v er th e  s u r f a c e .  These many g iv e  r i s e  to  * a c t iv e  s i t e s *
w here s p e c ia l  ty p e s  o f  a d s o rp tio n s  may o c c u r . T h is  i s
p a r t i c u l a r l y  th e  c a se  where th e  s u r fa c e  has been  c h e m ic a lly  o r
p h y s ic a l ly  p r e t r e a t e d .  F o r  in s t a n c e ,  by u s in g  d i f f e r e n t
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te m p e ra tu re s  and g a s e s ,  B a r t e l l  and Lloyd showed t h a t  th e  
s u r fa c e  o f  c h a rc o a l  co u ld  be made to  a p p e a r  e i t h e r  p o la r  o r  
n o n -p o la r .
S o lid  a d s o rb e n ts  a re  u s u a l ly  d iv id e d  in to  two c l a s s e s  i . e .  
p o la r  and n o n -p o la r*  The fo rm er ty p e  te n d  to  ad so rb  by  s p e c i f i c  
io n ic  f o r c e s ,  th e  l a t t e r  by  p h y s ic a l  o r  Van Der W aals f o r c e s .
Examples o f  p o la r  a d s o rb e n ts  a re  a lu m in a , t i t a n iu m  d io x id e ,  
s i l i c a  g e l ,  g l a s s ,  barium  s u lp h a te  and o f n o n -p o la r  a d s o rb e n ts ,  
g r a p h i t e ,  p a r a f f i n  and some c h a rc o a ls .  P o la r  a d s o rb e n ts  u s u a l ly  
ad so rb  e l e c t r o l y t e s  by io n  exchange , one io n  b e in g  more s t r o n g ly  
ad so rb ed  th a n  th e  o th e r .
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The te c h n iq u e  o f a d s o rp t io n  m easurem ents f o r  d i l u t e  
s o lu t io n s  i s  u s u a l ly  co m p a ra tiv e ly  s im p le  and in v o lv e s  sh a k in g  
a  c e r t a i n  volume o f  s o lu t io n  w ith  a  w eighed amount o f  a d s o rb e n t 
u n t i l  e q u i l ib r iu m  i s  re a c h e d , rem oving th e  s o lu t io n  b y  f i l t r a t i o n ,  
c e n t r i f u g a t io n  o r  d é c a n ta t io n  and th e n  m easu rin g  th e  c o n c e n tr a ­
t i o n  o f  th e  r e s u l t i n g  s o lu t io n  by an y  s u i t a b l e  m ethod. Where 
th e  s o lu te  i s  an e l e c t r o l y t e ,  i t  i s  b e s t  to  a n a ly se  f o r  b o th  
io n s .
In  th e  absence o f  a  g e n e ra l  th e o r y ,  th e  r e s u l t s  a re
u s u a l ly  f i t t e d  to  the Langmuir e q u a tio n  o r  th e  e m p ir ic a l
P re u n d lic h  e q u a tio n ^ * . The l a t t e r  i s  %  » k c^  where a i s  
th e  amount ad so rb ed  in  s u i t a b le  u n i t s  ( u s u a l ly  molsgg^gœodd 
a d a o rb e a t ) ,  £  i s  th e  e q u i l ib r iu m  c o n c e n tr a t io n ,  m i s  th e  w e ig h t 
o f  a d so rb e n t u se d , and k and n  a re  c o n s ta n ts .  A m o d ified  B .E .T . 
e q u a tio n  has been  a p p lie d  to  th e  a d s o rp t io n  o f  dyes from  aqueous
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s o lu t io n  on to  pigm ents •
The a d s o rp tio n  o f  aqueous s o lu t io n s  o f  p a r a f f i n  c h a in
s a l t s  on s o l id s  has been  th e  s u b je c t  o f  o n ly  a few in v e s t ig a -
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t i e n s .  H eld and Samochwalov m easured  th e  a d s o rp t io n  o f  th e  
l a u r a te  io n  from  sodium la u r a te  s o lu t io n s  on barium  s u lp h a te  
pow der. They p o in te d  o u t th e  w e l l  known f a c t  t h a t  soap  
s o lu t io n s  ten d ed  to  'f l o a t*  o r  c o a g u la te  powders a t  low concen­
t r a t i o n s ,  b u t a t  h ig h e r  c o n c e n t r a t io n s ,  to  d is p e r s e  them . T h is
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was b e l ie v e d  to  be r e l a t e d  to  a  la y e r  o f  soap  io n s  b e in g  a t  f i r s t  
chem iso rbed  w ith  th e  p o la r  g roups a t ta c h e d  to  th e  s u r f a c e  and 
th e  h y d ro carb o n  c h a in s  te n d in g  t o  be o r ie n te d  in to  th e  s o lu t io n ,  
hence th e  re a s o n  f o r  th e  c o a g u la t io n  o f  th e  pow der. When th e  
f i r s t  l a y e r  was s a tu r a t e d ,  th e  soap  io n s  would th e n  be ad so rb ed  
i n  th e  r e v e r s e  se n se  i n  o rd e r  to  e l im in a te  th e  h y d ro ca rb o n -w a te r  
i n t e r f a c e .  The e x p e rim e n ta l ev id en ce  f o r  t h i s  view  was f i r s t ,  
t h a t  th e  a r e a  o f  th e  powder d e te rm in ed  by  a d s o rp tio n  o f  th e  soap  
from  aqueous s o lu t io n  was a p p ro x im a te ly  tw ice  t h a t  d e te rm in ed  by  
a d s o rp t io n  o f  l a u r i c  a c id  from  benzene and by means o f th e  
m ic ro sco p e , due to  a  doub le l a y e r  o f  so ap  io n s  in  th e  aqueous 
sy s tem , seco n d , t h a t  th e r e  was a  maximum in  th e  f l o t a t i o n  o f  th e  
powder and t h i r d ,  t h a t  s u lp h a te  io n s  ap p eared  in  s o lu t io n  a f t e r  
a d s o rp t io n ,  due to  io n  exchange.
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S im ila r  m easurem ents w ere made by H eld and K hainsky on 
th e  a d s o rp t io n  o f  sodium  o le a te  and sodium  n o n y la te  on 
c in n a b a r  pow der. The a d s o rp t io n  o f  th e  soap  was found to  be 
accom panied by  h y d r o ly s i s ,  th e  s o lu t io n  b e in g  more a lk a l in e  a f t e r  
a d s o rp t io n  th a n  b e f o r e .
The e f f e c t  o f  CTAB on aqueous su sp e n s io n s  o f  P ru s s ia n
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B lue was s tu d ie d  by  T om linson • He showed t h a t ,  as  CTAB was 
added to  th e  sy stem , th e  s e d im e n ta tio n  volume o f  th e  powder 
in c re a s e d  (show ing  an  in c r e a s in g  d eg ree  o f  f l o c c u l a t i o n ) ,  re a c h e d
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a  maximum and th e n  f e l l  a g a in .  A h ig h ly  d e f lo c c u la te d  su s p e n s io n  
was e v e n tu a l ly  o b ta in e d  i n  w hich  com plete  s e d im e n ta t io n  d id  n o t 
o c c u r . In d ep en d en t a d s o z p tlo n  m easurem ents showed t h a t  th e  
CTAB was q u a n t i t a t i v e l y  c o m p le te ly  ad so rb e d  u n t i l  a  c o n c e n tr a t io n  
c o rre sp o n d in g  to  th e  maximum s e d im e n ta tio n  volume was re a c h e d . 
S u b seq u e n tly  th e  a d s o rp t io n  was much l e s s  p o w e rfu l . The i n i t i a l  
a d s o rp t io n  was I r r e v e r s i b l e  w h ile  th e  su b se q u en t a d s o rb a te  c o u ld  
be washed o f f .  F u rth e rm o re  th e  maximum s e d im e n ta t io n  volume 
in  w a te r  co rresp o n d ed  to  th e  minimum s e d im e n ta t io n  volume i n  
benzene and to  th e  maximum e a se  o f  t r a n s f e r  from  aqueous to  
non-aqueous m ed ia . I t  was th u s  co n c lu d ed  t h a t  up to  t h i s  p o in t  
th e  CTAB was chem isorbed  as  a  u n im o le c u la r  l a y e r  w i th  th e  h y d ro ­
ca rb o n  c h a in s  o r ie n te d  tow ards th e  w a te r ,  b u t  once th e  s u r fa c e  
was s a t u r a t e d ,  a  second u n i l a y e r  was form ed on to p  o f  th e  f i r s t  
due to  am p h ip a th ic  ( o r  n o n - s p e c i f i c )  a d s o r p t io n .  The p o l a r ,  
io n is e d  g ro u p s a re  th e n  o r ie n te d  tow ards th e  w a te r ,  r e v e r s in g  
th e  e f f e c t  o f th e  f i r s t  ad so rb ed  l a y e r .
T h is  ty p e  o f  a d s o rp t io n  has b een  term ed  'a d s o r p t io n  w ith
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re v e r s e d  o r i e n t a t i o n '  by M o i l l i e t  , who, n o t in g  t h a t  i t  o cc u rs  
more w ith  c a t io n i c  d e t e r g e n ts ,  s u g g e s ts  t h a t  i t  i s  due e i t h e r  
to  th e  s u r fa c e  a c t iv e  c a t io n  b e in g  a t t r a c t e d  by  th e  n e g a t iv e  
ch a rg e  w hich  most s o l id s  assum e in  w a te r ,  o r  t o  s p e c i f i c  s a l t  
l in k a g e s  betw een  th e  p a r a f f i n  c h a in  c a t io n s  and io n o g e n ic  g roups 
i n  th e  s u r f a c e  o f th e  s o l i d .
The a d s o rp t io n  o f  aqueous s o lu t io n s  o f  sodium  d o d ecy l
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s u lp h a te  and o f sodium  m y r is ta te  on g r a p h i te  and p o ly s ty re n e  
o f  known s u r fa c e  a r e a ,  was in v e s t ig a te d  by G o rr in , H ark in s
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e t a l .  . T h is w ork i s  an  exam ple o f  am p h ip a th ic  a d s o rp t io n ,  
b o th  s o l id s  b e in g  e s s e n t i a l l y  h yd rophob ic  and f r e e  from  s u r fa c e  
im p u r i t i e s .  The a d s o rp t io n  iso th e rm s  had two u n u su a l f e a tu r e s  
i . e .  a  d i s c o n t in u i ty  when th e  e q u i l ib r iu m  c o n c e n t r a t io n  was 
c lo s e  to  th e  C.M.C. and a  maximum a t  a  somewhat h ig h e r  c o n c e n tra ­
t i o n .  The a r e a  o ccu p ied  by one m olecu le  o f  th e  p a r a f f i n  c h a in  
io n  was found to  be r a t h e r  h ig h e r  th a n  t h a t  f o r  a  com pressed  
f i lm  on an  aqueous su b p h ase , and t h i s  was a t t r i b u t e d  to  r e p u ls iv e  
f o r c e s  betw een th e  io n ic  heads o f  th e  ad so rb ed  lo n g  c h a in  io n s .
In  a  s im i l a r  i n v e s t i g a t io n  on th e  a d s o rp t io n  o f  sodium
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a l k y l  a r y l  su lp h o n a te s  on c o t to n ,  H eader and F r ie s  a l s o  found
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a  maximum and a  d i s c o n t in u i ty  a t  th e  CMC. Ewing and Rhoda 
o b ta in e d  th e  r e l a t i v e  s u r fa c e  a r e a s  o f  z in c  ox ide  p igm ents by 
a d s o rp t io n  o f D axad11 , a  w e t t in g  a g e n t c o n ta in in g  v a r io u s
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m o le c u la r  s p e c ie s  o f  unknown c o m p o s itio n . F is c h e r  and H ark in s  
have shown t h a t  th e  ad so rb ed  f i lm  betw een  a  h y d ro carb o n  o i l  and 
sodium  o le a te  s o lu t io n s ,  i s  m onom olecular, w ith  th e  io n ic  group  
o r ie n te d  tow ards th e  w a te r  and th e  p a r a f f i n  c h a in  tow ards th e  o i l .
S in ce  i t  was b e l ie v e d  t h a t  sodium  s a l i c y l a t e  and sodium  
j^ -c h lo ro b e n z o a te  w ere a b l e ,  i n  e f f e c t ,  to  'b i n d '  to g e th e r  CTA"*" 
m ic e l le s  in  s o lu t io n  to  form  enormous a g g re g a te s ,  i t  was d e c id e d
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t a  examine w h e th e r th e s e  s a l t s  had a  com parable e f f e c t  on CTA^ 
w h ich  had  been  ad so rb ed  a t  a  s o l i d  s u r f a c e .  The fo llo w in g  
r e s u l t s  a r e  c h i e f ly  concerned  w ith  t h i s  p rob lem .
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EZPERmRTAL
P r e p a r a t io n  o f  CTAB.
222 gms* o f  50^  (w/w) a lc o h o l ic  t r i n e  th y  lam ine w ere added 
to  273 gms. o f p u re  c e t y l  brom ide c o n ta in e d  in  a  s to p p e re d  f l a s k ,  
and th e  m ix tu re  was l e f t  s ta n d in g  f o r  24 h o u r s .  The a lc o h o l  
was th e n  rem oved, i n  p a r t ,  by vacuum d i s t i l l a t i o n  a t  60*C. The 
c ru d e  p ro d u c t was b ro k en  up and r e c r y s t a l l i s e d  tw ice  from  a 
m ix tu re  o f  e t h y l  a lc o h o l  and e t h y l  a c e t a t e .  The p u r i t y  o f  th e  
CTAB, a s  d e te rm in e d  by  t i t r a t i o n  o f  th e  brom ine w ith  s i l v e r  
n i t r a t e  and ammonium th io c y a n a te ,  and  by  p r e c i p i t a t i o n  as CTA 
d ic h ro m a te , was 98*5^ i . e .  a  1^ aqueous s o lu t io n  i s  .0 270  H. 
E s t im a t io n  of CTA^
( i )  By t i t r a t i o n  w ith  sodium  d o d ecy l s u lp h a te .
The CTA* s o lu t io n  was t i t r a t e d  a g a in s t  a  m ix tu re  o f  10 c . o .  
o f  . 005M sodium  d o d ecy l s u lp h a te ,  2$ c . c .  o f  a  s o lu t io n  c o n ta in ­
in g  . 005^  m ethy lene b lu e ,  1 .2 ^  s u lp h u r ic  a c id ,  5^ sodium  
s u lp h a te  and 1$ c .c #  ch lo ro fo rm , a l l  c o n ta in e d  in  a  230 c . c .  
s to p p e re d  r e a g e n t  b o t t l e .  The CTA* s o lu t io n  was added  a  c . o . , 
o r  l e s s ,  a t  a  t im e , u n t i l  th e  two la y e r s  w ere in d i s t in g u is h a b le  
( a s  v iew ed in  r e f l e c t e d  l i g h t ) .  T h is  i s  a c c o rd in g  to  th e
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method o f  E p to n  . T his e s t im a t io n  was u sed  to  s tu d y  a d s o rp t io n  
o f  th e  CTiB a lo n e .  I t  was found to  be u n r e l i a b le  in  th e  
p re se n c e  o f  o rg a n ic  s a l t s .
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( i l )  jga C e ty l t r im e th y l  ammonium d ic h ro m a te .
An ex c ess  o f  s ta n d a rd  p o ta ss iu m  d ich ro m a te  s o lu t io n  was 
ru n  in to  th e  CTA* s o lu t i o n .  The p r e c i p i t a t e ,  i n i t i a l l y  c o l l o i d a l ,  
became c o a g u la te d  i n  th e  p re se n c e  o f e x c e ss  d ic h ro m a te . In  th e  
p re se n c e  o f  o rg a n ic  s a l t s  th e  p r e c i p i t a t e  rem ained  c o l l o i d a l  and 
i t  was n e c e s s a ry  to  add s u f f i c i e n t  d i l u t e  h y d ro c h lo r ic  a c id  to  
p roduce  c o a g u la t io n .  A f te r  f i l t r a t i o n ,  th e  e x c e ss  d ich ro m ate  
was e s t im a te d  w ith  io d in e  and th io s u lp h a t e .
E s t im a tio n  o f  B rom ide.
The brom ide w as p r e c i p i t a t e d  as  s i l v e r  brom ide by s ta n d a rd  
s i l v e r  n i t r a t e  s o l u t i o n ,  th e  ex c e ss  s i l v e r  n i t r a t e  b e in g  
e s t im a te d  by t i t r a t i o n  w ith  ammonium th io c y a n a te  in  th e  p re se n c e  
o f  f e r r i c  alum and d i l u t e  n i t r i c  a c id .
A d so rp tio n  M ethod.
The CTAB s o lu t  ion -pow der m ix tu re s  w ere shaken  o v e rn ig h t 
i n  an  a i r  c a b in e t  th e rm o s ta te d  a t  (2)+^ .1 )  C. The powder was 
th a n  s e p a ra te d  e i t h e r  by  f i l t r a t i o n  th ro u g h  f in e  f i l t e r  p a p e r  
i n  th e  ca se  o f  th e  a lu m in a  o r  th ro u g h  a  Bo«4 s in t e r e d  g la s s  
fu n n e l  u n d e r  vacuum in  th e  c a se  o f  th e  s i l i c a  and t i t a n iu m  
d io x id e  pow ders. Brom ine e s t im a t io n s  w ere made on th e  f i l t e r e d  
s o l u t i o n .  The CTA* was e s t im a te d  by  th e  dye method ex c e p t when 
o rg a n ic  s a l t s  w ere p r e s e n t ,  th e  s o lu t io n s  b e in g  e i t h e r  d i l u t e d  
o r  e l s e  made up w ith  CTAB s o l u t i o n ,  t o  an  approx im ate  
c o n c e n tr a t io n  o f  . 003H.
40
A d so rp tio n  o f  CTAB on G ra p h ite ,
I t  was hoped t h a t  a  s tu d y  o f  th e  p h y s ic a l  a d s o rp t io n  o f
CTAB on a  hyd rophob ic  s u r fa c e  co u ld  be m ade, b o th  on acco u n t o f
th e  s im p le r  s t r u c t u r e  o f  th e  a d so rb e d  la y e r  and a l s o  b ec au se
c h e m iso rp tio n  in v o lv e s  s p e c i f i c  s u r fa c e  i n t e r a c t i o n s  whose n a tu re
a re  n o t c l e a r l y  u n d e rs to o d .
S in ce  p a r a f f i n  c h a in  s a l t s  had been  found  to  be a m p h ip a th i-
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c a l l y  ad so rb ed  on g r a p h i te  by C o r r in ,  H ark in s e t c , ,  e f f o r t s  
were made to  se c u re  a  p u re  specim en  o f  t h i s  m a te r i a l .  The b e a t  
g r a p h i te  o b ta in a b le  was a  s p e c i a l  s u sp e n s io n  in  w a te r  s u p p l ie d  
by th e  G en e ra l E l e c t r i c  Company, I t  had  an  a sh  c o n te n t  o f  
ab o u t lg(. The a d s o rp t io n  is o th e rm  o b ta in e d  f o r  Br^ w ith  t h i s  
su s p e n s io n , w h ich  c o n ta in e d  49*4^ by w eig h t o f  g r a p h i t e ,  i s  g iv e n  
in  f i g ,  2 , I t s  shape i s  q u i te  d i f f e r e n t  from  t h a t  found  by  
C o rr in  and H ark ins ( f i g ,  ) ) ,  b u t  i t  i s  s i m i l a r  to  iso th e rm s  f o r  
th e  a d s o rp t io n  o f  B r^ from  CTAB s o lu t io n s  on a lu m in a , s i l i c a  
and t i ta n iu m  d io x id e .  These iso th e rm s  a r e  g iv e n  l a t e r  and a r e  
shown to  in d ic a te  th a t  th e  CTA* i s  b e in g  ch em iso rb ed . I t  ap p e a red  
t h a t  th e  s u r fa c e  o f  t h i s  g r a p h i te  sam ple m ust c o n ta in  a  g r e a t  
d e a l  o f  im p u r i ty .
An an im al c h a rc o a l  sam ple o f  th e  ty p e  u sed  f o r  d e c o lo u r is in g  
s o l u t i o n s ,  was a l s o  u sed  a s  an  a d s o rb e n t and th e  a d s o rp t io n  o f  
2 r^  from  aqueous CTAB on I t ,  i s  shown In  f i g , 4* I t  i s  p ro b a b le  
t h a t  th e  OTA* i s  b o th  c h e m ic a lly  and p h y s ic a l ly  ad so rb ed  on
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th e  s u r fa c e  o f t h i s  pow der. The d i f f i c u l t y  in  o b ta in in g  a  
pu re  specim en o f  a  hydrophohlc  powder le d  to  th e  i n v e s t ig a t io n  
b e in g  c o n fin ed  to  h y d ro p h il ic  pow ders.
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A d so rp tio n  o f CTAB on A lum ina.
C hrom atographic a lu m in a , s ta n d a r d is e d  a c c o rd in g  to  
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Brockmann, was u sed  f o r  a l l  a d s o rp t io n  e x p e rim e n ts . I t s  
s u r fa c e  a r e a ,  a s  d e te rm in ed  by n i t r o g e n  a d s o rp t io n  a t  -18)*C 
was 6 9 ,6  m2/g (se e  A ppendix).
An e q u i l ib r iu m  c u rv e , f o r  10 gm, a lu m in a  in  30 c . c .
&O27OM CTiB, i s  shown in  fig » 3 *  The tim e ta k e n  to  re a c h  
e q u i l ib r iu m  was betw een  th r e e  and fo u r  hours*  T h is  i s  r a t h e r  
lo n g e r  th a n  t h a t  r e q u ir e d  f o r  a l l  th e  o th e r  a d s o rb e n ts  s tu d ie d ,  
and i s  p resum ably  due to  th e  po rous n a tu re  o f  th e  a lum ina  
s u r f a c e ,
A d so rp tio n  iso th e rm s  f o r  2»3 gm# a lu m in a  in  30 c .c *  s o lu t io n  
a re  shown in  f i g » 6 , In  t h i s  c a se  b o th  OTA and B r io n s  w ere 
a n a ly s e d .
The p r in c ip l e  f e a tu r e s  o f  th e s e  iso th e rm s  a r e ;
( i )  The i n i t i a l  r a t e  o f  a d s o rp t io n  o f  CTA'*’, w ith
r e s p e c t  to  c o n c e n tr a t io n ,  i s  v e ry  h ig h , w h ile  t h a t  
o f  B r^ is  z e ro .
( i i )  The maximum a d s o rp t io n  v a lu e s  o f  b o th  io n s  a re
v e ry  d i f f e r e n t  i , e ,  ( l , 6 0 x 10* ) mol/gm. f o r  th e  
CTA  ^ and (1 ,0 2  x lO "*) m o l./g m , f o r  th e  Br*', show ing 
t h a t  io n  exchange i s  in v o lv e d  i n  a t  l e a s t  p a r t  o f  th e  
a d s o rp t io n  p ro c e s s .  The maximum a d s o rp t io n  v a lu e s  
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These r e s u l t s  a re  a d e q u a te ly  e x p la in e d  by  th e  mechanism  
g iv e n  e a r l i e r  f o r  a d s o rp tio n  o f  a  long  c h a in  p a r a f f i n  s a l t
91
w ith  'r e v e r s e d  o r i e n t a t i o n '  . Thus th e  f i r s t  'u n i la y e r *  o f 
CTA^ io n s  i s  form ed by io n  exchange w ith  im p u r i t ie s  on th e  
s u r fa c e  o f  th e  a lu m in a , th e  p o la r  )g ^ g roup  h o ld in g  th e
io n  to  th e  s u r fa c e  by pow erfu l e l e c t r o s t a t i c  a t t r a c t i o n .  As 
th e  i n i t i a l  c o n c e n tr a t io n  o f  CTAB i s  in c r e a s e d ,  th e  a c t iv e  
s u r fa c e  a v a i la b le  f o r  ch e m iso rp tio n  becomes s m a lle r  and  th e  
CTA**" b e g in s  to  be a m p h ip a th ic a lly  ( o r  p h y s ic a l ly )  ad so rb e d .
T h is p a r t  o f  th e  a d s o rp t io n  p ro c e s s  i s  c h a r a c te r i s e d  by th e  Br"  ^
iso th e rm  w hich i s  a c t u a l l y ,  f o r  m ost o f th e  a d s o rp t io n  p ro c e s s ,  
a  p lo t  o f  th e  amount o f  CTA* a m p h ip a th ic a l ly  ad so rb ed  (m easured  
by th e  a d s o rp t io n  o f B r ')  a g a in s t  th e  amount o f  GTA* chem iso rbed  
(m easured  by  th e  f i n a l  c o n c e n tr a t io n  o f Br^^ T h is  assum es, q u i te  
re a s o n a b ly , t h a t  th e  B r ' io n  i s  o n ly  ad so rb ed  in  company w ith  
th e  CTA* io n  ( t h i s  w i l l  be d is c u s s e d  in  more d e t a i l  l a t e r ) .
The t o t a l  amount o f CTA^ chem iso rbed  -  a  m easure o f  th e  
a c t iv e  s u r fa c e  a r e a  -  can be found»-
1 . From th e  d i f f e re n c e  betw een  th e  t o t a l  amount o f CTA* 
ad so rb ed  i . e .  l» 6 o  x lo"*  m ol./gm . and th e  t o t a l  amount o f  
p h y s ic a l ly  ad so rb ed  CTA* i . e .  1*02 x 10 m ol./gm . T h is
—4
d if f e r e n c e  i s  e q u a l to  0*58 x 10 mo^gm*
o r  2* From th e  amount o f  Br'^ i n  s o lu t io n  a f t e r  a d s o rp t io n
s in c e  t h i s  r e p r e s e n t s ,  w ith in  a p p r o p r ia te  l i m i t s ,  th e  amount o f
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chem isorbed  CTA^. The a c tu a l  s e l e c t i o n  o f  a  p o in t  on th e  Br^ 
iso th e rm  w hich r e p r e s e n ts  th e  maximum amount o f  chem iso rbed  
CTA^ i s  r a t h e r  d i f f i c u l t  s in c e  Br^ b e g in s  to  accu m u la te  i n  
s o lu t io n  tow ards th e  end o f th e  a d s o rp tio n  p r o c e s s ,  due to  
u n ad so rb ed  CTAB. I f ,  how ever, one s e l e c t s  th e  p o in t  o f  in f l e x io n  
o f  th e  g ra p h , th e  v a lu e  o b ta in e d  f o r  th e  t o t a l  amount o f  chemi«* 
so rb ed  CTA^ i s  O.64  x  10* m ol/gm ., w hich i s  i n  re a s o n a b le  
ag reem en t w ith  th e  p re v io u s  r e s u l t .
In  o rd e r  to  co n firm  th e  shape o f  th e  Br^ iso therm , a t  low
i n i t i a l  c o n c e n tr a t io n s  o f  CTAB, i t  i s  n e c e s s a ry  to  use a  h ig h e r
r a t i o  o f  alum ina to  s o lu t io n  and f i g *7 shows a  Br^ iso th e rm  
d e te rm in ed  u s in g  10 gm. o f alum ina i n  50 c .c #  s o lu t io n .  I t  can  
be se e n  t h a t  th e  i n i t i a l  s lo p e  i s  c e r t a i n l y  v e ry  sm a ll and  
p ro b a b ly  z e ro . T his means t h a t  th e  CTA^ i s  a l l  chem isorbed  
a t  low i n i t i a l  c o n c e n tra t io n s  o f  CTAB. Thus th e  a lum ina  
i t s e l f  i s  n o t s u f f i c i e n t l y  hyd rophob ic  to  a llo w  th e  p a r a f f i n  
c h a in  io n s  to  be ad so rb ed  a m p h ip a th ic a lly  a t  i t s  s u r f a c e .
I f ,  f o r  th e  system  c o n ta in in g  10 gm. a lu m in a  in  50 c * c .
s o l u t i o n ,  th e  f i n a l  concen t r a t  iozis o f  Br^ in  f ig * 7  a re  d iv id e d
by  f o u r ,  th e  same iso th e rm  as was o b ta in e d  f o r  2 .5  gm# a lu m in a  
sh o u ld  r e s u l t .  However, a s  a l s o  shown in  f i g . 7» th e r e  i s  
a  s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  two is o th e rm s . I t  i s  
n o t p o s s ib le  to  say  what i s  th e  p r e c i s e  e x p la n a t io n  o f  t h i s  
e f f e c t .
ADSORPTION OF CTAB ON ALUMINA.
B r ANALYSED.
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The Br^ iso th e rm s  in  f ig s *  6 and 7 a l s o  show t h a t  th e
fo rm a tio n  o f  th e  2nd la y e r  o f  CTA* io n s  ( th e  p h y s ic a l ly
a d s o rb e d  la y e r )  o ccu rs  long b e fo re  th e  1 s t  l a y e r  o f  CTA^ io n s
( th e  chem iso rbed  la y e r )  i s  co m p le te , in d e e d  th e  1 s t  l a y e r  i s
o n ly  s a tu r a te d  when th e  2nd la y e r  i s  a lm o s t h a l f  formed* T h is
i s  i n  p a r t  due to  th e  am phipathy o f  th e  GTA*, w hich  e f f e c t  i s
a b le  to  compete w ith  th e  s p e c i f i c  e l e c t r o s t a t i c  i n t e r a c t i o n s
w h ich  a re  th e  cause o f  th e  ch em iso rp tio n *  I t  may be t h a t  w ith
a  l e s s  s u r f a c e  a c t iv e  compound a c l e a r e r  d i f f e r e n t i a t i o n  betw een
th e  fo rm a tio n  o f  th e  two la y e r s  would be p o s s ib le *
As m entioned  p re v io u s ly ,  th e  Br^ is o th e rm , i n  f o r  exam ple
f ig * 7 ,  r e p r e s e n ts  in  e f f e c t  a  p lo t  o f  th e  p h y s ic a l ly  a d so rb e d
CTA^ a g a in s t  th e  chem isorbed CTA^* I f  ap  r e p r e s e n ts  th e  fo rm er
w h ile  a c  r e p r e s e n ts  th e  l a t t e r ,  th e n  th e  p lo t  o f  lo g  ap a g a in s t
lo g  Bq i s ,  f o r  t h a t  p a r t  o f  th e  iso th e rm  w ith  w h ich  f i g * 7 i s
c o n c e rn ed , seen  from  fig * 6  to  be a  s t r a i g h t  l in e *  The a c tu a l
r e l a t i o n  i s  a^ -  kap^ where k. » 1$*1 and n  « 0 ,3 0 , ap and
e
b e in g ,  in  t h i s  c a s e ,  in  m ol*/gm , x  10  . T h is  a d s o rp t io n
ee  86
e q u a t io n  i s  o f  th e  same fo rm  a s  F r e u n d l ic h 's  e q u a tio n
w hich  i s  known to  r e p re s e n t  f o r  many s im p le  a d s o rp t io n s  e* g ,
a c e t i c  a c id  on  c h a rc o a l ,  th e  r e l a t i o n  betw een  a  s o lu te  i n  an
ad so rb e d  l a y e r  and in  so lu t io n *  T hat t h i s  r e l a t i o n  sh o u ld  h o ld
f o r  th e  a d s o rp t io n  o f  CTAB may be due to  some s i m i l a r i t y  betw een
th e  fo rc e s  w h ich  cause CTA  ^ to  be d i s t r i b u t e d  betw een  th e
F i ( â  S .
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chem isorbed  and p h y s ic a l ly  ad so rb ed  s t a t e s  and th e  f o r c e s  
w hich  cause  a  s o lu te  such as a c e t i c  a c id  to  be d i s t r i b u t e d  
betw een  an ad so rb ed  la y e r  and a  s o lu t io n *
F i n a l l y ,  s in c e  th e  amount o f  a d s o r p t io n  a t  h ig h  r a t i o s  o f  
a lu m in a  to  s o lu t io n  was n o t q^uite p r o p o r t io n a l  to  th e  w e ig h t o f  
a lu m in a  used  ( f ig *  7 ) t  two more iso th e rm s  w ere d e te rm in e d , one 
f o r  th e  a d s o rp tio n  of on 1#5 gm* a lu m in a  in  gO c*c*
s o lu t io n ,  th e  o th e r  f o r  th e  a d s o rp t io n  o f  Br^ on 1 gm* a lu m in a  
i n  30 0*0* s o lu t io n  ( f ig *  9)* The am ounts ad so rb e d  a r e  a p p r o z i -  
m a te ly  th e  same a s  f o r  2*5 gm* a lu m in a  i n  $0 c*c* s o lu t io n  
(s e e  f ig * 6) in d ic a t in g ,  a t  th e s e  lo w er r a t i o s  o f  a d s o rb e n t to  
s o lu t io n ,  p r o p o r t i o n a l i ty  betw een  th e  amount o f  a d s o rb e n t and th e  
amount o f  a d s o rp t io n .
A d so rp tio n  o f  C e ty l tr im s  th y  1 ammonium n i t r a t e  on Alumina*
CTANG^  was p re p a red  by m ix ing  CTAB and AgKC  ^ in  e q u im o le c u la r  
am ounts ad d in g  w a te r ,  f i l t e r i n g  o f f  th e  p r e c i p i t a t e d  AgBr u s in g  
a  Ko*4 s i n t e r e d  g la s s  fu n n e l ,  e v a p o ra t in g  t o  d ry n e ss  u n d e r  vacuum 
and c r y s t a l l i s i n g  th e  p ro d u c t from  e th y l  a c e ta te *  A ca rb o n  
a n a ly s i s  gave 66*5^ as a g a in s t  th e  t h e o r e t i c a l  v a lu e  o f  63*8)&* 
S in c e  th e  same amount o f CTA^ was ad so rb e d  from  CTAKOj s o lu t io n s  
a s  from  CTAB s o lu t io n s  a t  th e  same i n i t i a l  c o n c e n tr a t io n ,  th e  
two compounds were s im i la r ly  ad so rb ed *  The amount o f  Br"^ i n  th e  
































































80 a f t e r  a d s o rp tio n *  I t  was th u s  shown t h a t  th e  im p u r ity  
d is p la c e d  from  th e  s u r fa c e  hy th e  had no e f f e c t  on th e
Br^ e s t im â t  ion*
T u r if ie d ^  A lum ina*
In  an e f f o r t  to  co n firm  th a t  th e  CTAB i s  ad so rb ed  by  io n
exchange due to  io n ic  im p u r i t ie s  on th e  s u r fa c e  | th e  powder was
n e u t r a l i s e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id  and th e n  washed by
d é c a n ta t io n  a t  r e g u la r  in te r v a l s  f o r  th r e e  weeks u n t i l  th e
s u p e rn a ta n t  l i q u i d  showed no t r a c e  o f  c h lo r id e  ion* W hile
t h i s  t r e a tm e n t  washed away most o f  th e  f i n e r  g r a in s ,  th e  s u r f a c e
a r e a  o f  th e  a d s o rb e n t was p r a c t i c a l l y  unchanged a s  m easured  by
n i t r o g e n  a d s o rp t io n  (se e  appendix)*  N e v e r th e le s s  t h i s  m a te r i a l
ad so rb ed  n e i t h e r  CTA  ^ n o r Br^ from  CTAB s o lu t io n s *  T h is  i s  i n
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agreem en t w ith  th e  work o f Schwab and  Jo c k e rs  who found  t h a t  
co p p e r io n s  were p r e f e r e n t i a l l y  a d so rb e d  by  com m ercial a lum ina  
from  co p p er s u lp h a te  s o lu t io n s  and t h a t  th e  f i l t r a t e  showed th e  
r e a c t io n s  o f  sodium* I t  was found  t h a t  even  th e  p u r e s t  commer­
c i a l  a lum ina  c o n ta in e d  sodium io n s  w hich  co u ld  be r e p la c e d  by  
co p p e r ions*
I t ,  t h e r e f o r e ,  seems th a t  a d s o rp t io n  o f  th e  CTAB i s  e s s e n ­
t i a l l y  due to  th e  a c t iv e  s i t e s  a v a i l a b le  on th e  s u r f a c e  f o r  
ex ch an g e , th e  a lu m in a , i t s e l f ,  n o t b e in g  s u f f i c i e n t l y  h y d ro p h o b ic  
t o  ad so rb  th e  CTAB am p h ip a th ica lly *
48
A d so rp tio n  o f  CTAB on T itan iu m  D io x id e .
F o u r sam ples o f t i ta n iu m  d io x id e ,  s u p p lie d  by  B r i t i s h  T i te n  
P ro d u c ts ,  w ere t e s t e d  f o r  a d so rp tio n *  P ure  t i t a n iu m  d io x id e ,  
c o n ta in in g  94^ o f  r u t i l e ,  gave no a d so rp tio n *  Two r u t i l e  
sam p les , known as* H u tio x  CR^  a n d 'p u t io x  H«d J gave o n ly  sm a ll 
a d s o rp t io n s .  The o th e r  sam p le , known a s  ^Anatase £,* gave 
s u f f i c i e n t  a d s o rp t io n  to  a llo w  i t s  u se  f o r  f u r t h e r  m easurem ents* 
The c h ie f  d i f f e r e n c e  betw een  th e  E u tio x  and A natase  pow ders, i n  
r e g a rd  to  c o m p o s itio n , was t h a t  th e  E u tio x  c o n ta in e d  a p p re c ia b le  
am ounts o f  z in c  ox ide  and a lu m in a  o f th e  o rd e r  o f 1^* The 
A natase  E c o n ta in e d  #4^ o f  s o lu b le  s a l t s  and th e  o th e r  two h a l f  
as  much* The s u r fa c e  a r e a  o f  th e  a n a ta s e  E^by a d s o rp t io n ,
2 i
was 7*6 m / g*
The a d s o rp t io n  cu rv es  o b ta in e d  w i th  10 gm* a n a ta s e  i n  §0 
c*c* s o lu t io n  a re  shown in  f ig *  10* The shapes o f  th e  iso th e rm s  
a r e  e s s e n t i a l l y  s im i la r  to  th o se  fo u n d  f o r  alum ina* The amount 
o f  CTA* chem isorbed  c a lc u la te d  from  th e  d i f f e r e n c e  betw een  th e  
t o t a l  amount o f  CTA^ a d so rb e d , 4*8 % 10*^ mol/gm*, and th e  t o t a l  
amount o f  a m p h ip a th ic a l ly  ad so rb ed  CTA , 2*7 x  10 m ol/gm *, 
i s  2*1 X 10 mol/gm* T h is  i s  i n  e x c e l l e n t  agreem ent w ith  th e  
v a lu e  found  from  th e  p o s i t i o n  o f  th e  p o in t  o f  i n f le x io n  o f th e
J2






















































Adeorption of CTAB on S i l ic a
The s i l i c a  powder con tained  about 93^  s i l i c a  to g e th e r  w ith
o th e r  oxides e .g .  FegC^  ^ AlgC^. I t  i s  non-porous, w ith  a
2
su rface  a rea  of 8 .0  m /g .
Isotherm s f o r  5 gm. s i l i c a  in  gO c .c .  so lu tio n  are  shown
in  f i g .  11 . They a re  rexy  s im ila r  to  those  found f o r  alum ina
and tita n iu m  dioxide a lthough , in  th i s  c a se , am phipathic
ad so rp tio n  commences more ra p id ly  than  b e fo re . This may
in d ic a te  a more pow erful chem isorp tion  fo rce  than  e x is ts
between the CTA and the alum ina o r tita n iu m  d io x id e . The
amount o f CTA* chemisorbed c a lc u la te d  from the  d iffe re n c e  between
th e  t o t a l  amount o f CTA adsorbed , 8 . )  x 10 m ol/gm., and the
+t o t a l  amount o f am p h ip a th ica lly  adsorbed CTA , 4*9 z  10 m ol/gm ., 
i s  )#4 X 10 mol/gm. w hile the v a lue  from the  Br"" iso therm  i s
-5
5 .5  X 10 mol/gm.
A Br^ isotherm  fo r  1$ gm. s i l i c a  in  50 c . c .  s o lu tio n  i s  
shown in  f i g .  12. When these  r e s u l t s  a re  compared w ith  those  
obtained  w ith  5 gm. s i l i c a  in  50 c . c .  s o lu t io n , each f i n a l  
co n cen tra tio n  being d iv ided  by th r e e ,  th e re  i s  seen to  be a 
s l ig h t  d iffe re n c e  s im ila r  to  th a t  found fo r  alum ina.
F l Q .  I l
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A dsorption of Sodium Dodecyl Sulphate on Alumina.
The sodium dodecyl su lp h a te  (S*D*S«) used fo r  th ese  
ad so rp tio n  experim ents was the m a te r ia l  r e c r y s ta l l i s e d
tw ice from alco h o l and e th y l  ace ta te#  I t  was e s tim a te d 9 u sing  
standard  CTAB» hy the dye method# Owing to  the  h y d ro ly sis  
which aqueous so lu tio n s  of 8*D#S# underwent a t  low concen tra tions»  
the low est co n cen tra tio n  o f S#D#S# used was *008 M where the  
degree of hyd ro ly sis  was b e liev ed  to  be n eg lig ib le #
The iso th e rm  found f o r  2#5 gm# a lu m in a  in  50 c#c* s o lu t io n  
i s  shown i n  f ig *  1 ) .  The b ro ad  maximum i s  more n o t ic e a b le  h e re  
th a n  w ith  CTAB ad so rb ed  on a lu m in a  and i t  i s  p ro b a b ly  s i m i l a r  
to  th e  maximum o b ta in e d  by C o rr in  and H ark in s  f o r  th e  a d s o rp t io n  o f
83
sodium dodecyl su lphate  on g ra p h ite  » indeed i t  occurs a t  
approxim ately the same eq u ilib riu m  co n c en tra tio n  i#e* *014 m o l/ 
l i t r e #  The ad so rp tio n  is»  however» l ik e ly  to  be w ith  * rev e rsed  
o rien ta tio n *  i«e# the alumina seems capable of behaving as bo th  
a c a tio n  and an an ion  exchanger#
FIG 13
ADSORPTION OF SODIUM DOOECYL SULPHATE
ON a l u m i n a .
2 5 QMS. IN 50 CCS.
X





F i n a l  c o n c e n t r a t i o n  m o l s  ^l i t r e
51
E f f e c t  o f O rganic S a l t s  on th e  A d so rp tio n  o f  CTA^ on Alumina $
Alumina was chosen  as a d s o rb e n t due to  i t s  a v a i l a b i l i t y  
i n  la rg e  q u a n t i t i e s ,  i t s  v e r s a t i l i t y  a s  an  a d s o rb e n t and th e  
com parative  ea se  w ith  w hich i t  co u ld  be s e p a ra te d  from  th e  
CTAB-salt m ix tu re s , some of w h ich  a r e  v i s c o - e l a s t i c .
The fo llo w in g  o rg a n ic  s a l t s  w ere u sed  -  sodium  b e n z o a te , 
j^ -n itro b e n z o a te , jgi-am inobenzoate, o -am in o b en zo a te , j^-hydroxy* 
b e n z o a te , o -h y d ro zy b en zo a te , (sodium  s a l i c y l a t e )  and j^ -c h lo ro -  
b e n z o a te . The sodium s a l i c y l a t e  was , th e  o th e r s  w ere
p re p a re d  by n e u t r a l i s i n g  th e  a p p ro p r ia te  a c id  w ith  sodium  
h y d ro x id e  and o x y s t a l l i s i n g  th e  sodium  s a l t  by c o o l in g  in  i c e .  
The i n i t i a l  c o n c e n tr a t io n  o f CTAB was #01)5M in  ea c h  c a s e . 
I n i t i a l  c o n c e n tr a t io n s  o f  s a l t s  up to  .02$M were u s e d .
R e s u l t s .
The f i r s t  s a l t  t r i e d  was sodium s a l i c y l a t e .  S in ce  t h i s  
s a l t  i n t e r f e r e d  w ith  th e  e s t im a t io n  o f  th e  CTA^ by th e  dye 
m ethod, th e  r e s u l t s  were o b ta in e d  a t  v e ry  low s a l i c y l a t e  
c o n c e n tr a t io n s  where th e  e s t im a t io n  was r e l i a b l e .  The e f f e c t  
o f  a  c o n s ta n t c o n c e n tr a t io n  o f  s a l i c y l a t e ,  . 00125M, i s  shown 
in  f i g .  14 . There i s  a  sm a ll b u t  d e f i n i t e  In c re a s e  i n  th e  
amount o f  CTA ad so rb e d .
In  o rd e r  to  s tu d y  h ig h e r  c o n c e n tr a t io n s  o f  s a l t s ,  th e  CTA 
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t y  th e  method g iv e n  p re v io u s ly *  B lank  ex p e rim en ts  w ith  each  
a d d i t iv e  con firm ed  th e  r e l i a b i l i t y  o f  th e  e s t im a tio n »
W ith  th e  v i s c o - e l a s t i c  s o lu t io n s  form ed by th e  CTAB -  
sodium  s a l i c y l a t e  and th e  CTAB -  sodium  p ^-ch lo robenzoate  system s#  
i t  was found t h a t  th e  a lu m in a  te n d e d  to  ^olump* to g e th e r*  T h is  
c u r io u s  phenomenon i s  q u i te  u n l ik e  th e  e f f e c t  o f  a  norm al v is c o u s  
s o lu t io n  e*g* g ly c e r in e - w a te r  m ix tu re s  o r  p a r a f f i n  on alum ina*
In  th e s e  s o lu t io n s #  th e  a lum ina  p a r t i c l e s  a r e  q u i te  random ly 
s c a t t e r e d  and have no ten d en cy  to  a g g re g a te #  w h ile  in  th e  
v i s c o - e l a s t i c  s o lu t io n s  th e y  te n d  to  lump to g e th e r  in  b lo b s  o r  
ch a in s*  W hile i t  i s  p o s s ib le  t h a t  t h i s  i s  an  eu iso rp tio n  e f f e c t#  
a  more l i k e l y  e x p la n a t io n  i s  t h a t  i t  i s  a  p u re ly  m ech an ica l 
e f f e c t  due to  th e  inhom ogeneity  o f  th e  v i s c o - e l a s t i c  s o lu t io n  
( s e e  p a g e 23 f o r  exam ple) th e  a lu m in a  te n d in g  to  accu m u la te  i n  
th e  re g io n s  betw een  th e  v i s c o - e l a s t i c  a g g re g a te s*  In  s p i t e  o f  
t h i s  e f f e c t ,  th e  r e s u l t s  o b ta in e d  w ith  v i s c o - e l a s t i c  s o lu t io n s  
were r e p ro d u c ib le  e x c ep t f o r  th e  m ost c o n c e n tra te d  s o lu t io n s  
s tu d ie d  a t  a  l a t e r  d a te*
The e f f e c t  o f  th e  s a l t s  i s  shown g r a p h ic a l ly  i n  f ig *  15#
W ith  th e  p o s s ib le  e x c e p tio n  o f  sodium  o;-am inobenzoate# th e  s a l t s  
f a l l  in to  th r e e  c l a s s e s  i n  t h e i r  e f f e c t s *
1* Sodium p-hydroxy  and p-am ino b e n z o a te s  d e c re a se  th e  amount 
o f  CTA* a d so rb e d , re d u c in g  i t  by  a b o u t h a l f  a t  an  i n i t i a l  
c o n c e n tr a t io n  o f  *025M*
Ft(à. 15.
E f f e c t  o f  s o d i u m  s a l t s  o f  o r g a n ic  a g io s  o h  
CTA ADSORBED ON 2 - 5  GMS ALUMiN/S. INITIALCONC'^CTAB. 0I35M
I. SALICYLATE
3 .  |s-NlTRO BENZOATE
5  o -A M iN o  Be n z o a t e
2 .  {3-CHLORC BENZOATE
4. BENZOATE.
6 .  |a-HYORoKy BENZOATE .
7 . ^-AMINO B e n z o a t e .
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2m Sodlunl b en z o a te  9 p^-chloro and ^<»nltro b e n z o a te s  a l s o  
d e c re a s e  th e  CTA^ ad so rb ed  b u t to  a  much l e s s e r  e x t e n t .  In  
a d d i t io n ,  th e  l a t t e r  two i n i t i a l l y  in c re a s e  th e  a d s o rp t io n  o f  
th e  CTA , a lth o u g h  a t  h ig h e r  c o n c e n tr a t io n s  o f  th e  s a l t s  th e y  
g iv e  th e  same e f f e c t  as  b e n z o a te . These maxima have b o th  been  
re p ro d u c e d .
3$ Sodium s a l i c y l a t e  i s  u n ique  among th e s e  s a l t s  i n  a lw ays 
in c r e a s in g  th e  CTA^ a d so rb e d , a lth o u g h  s a t u r a t i o n  i s  e v e n tu a l ly  
re a c h e d .
I t  i s  f a i r l y  obv ious t h a t  th e re  i s ,  a t  any r a t e ,  a
q u a l i t a t i v e  r e l a t i o n  betw een th e  e f f e c t  o f  th e s e  s a l t s  on th e
v i s c o s i t y  o f  CTAB-salt m ix tu re s  and t h e i r  e f f e c t  on th e  a d s o rp t io n
o f  th e  CTA^ on a lu m in a . Thus sodium  ^ -h y d ro x y  and ^ -am in o b e n zo a te s
w hich  have been  c la s s e d  to g e th e r  ab o v e , b o th  show no e f f e c t  on
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th e  v i s c o s i t y  o f CTAB s o lu t io n s  . Sodium jjo -n itro b en zo a te  
and sodium  b e n z o a te  b o th  show s l i g h t  v i s c o s i t y  maxima w h ile  
sodium  p -c h lo ro b e n z o a te  i s  second o n ly  to  sodium  s a l i c y l a t e  i n  
i t s  e f f e c t  on th e  v i s c o s i t y .  The sodium  s a l i c y l a t e  i t s e l f  g iv e s  
th e  g r e a t e s t  a d s o rp t io n  e f f e c t  as  a l s o  i t  does v i s c o s i t y  e f f e c t .
I t  may th e r e f o r e  be s a id  t h a t ,  i n  g e n e r a l ,  an  a d d i t iv e  w h ich  
te n d s  to  in c r e a s e  th e  v i s c o s i t y  o f  CTAB s o l u t i o n s ,  a l s o  te n d s  to  
in c re a s e  ( o r  r a t h e r ,  n o t to  d e c re a s e )  th e  a d s o rp t io n  o f  CTA'*'.
The im m ediate o b je c t  o f  th e  in v e s t ig a t io n  -  to  show a  r e l a t i o n
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betw een th e  e f f e c t  o f  th e  o rg a n ic  s a l t  on th e  s t r u c t u r e  o f  
th e  CTA^ m ic e l le s  i n  s o lu t io n  and i t s  e f f e c t ,  i f  a n y , on 
th e  ado rbed  CTA^ was th u s  a c h ie v e d .
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A d so rp tio n  o f  CTAB -  sodium  s a l i c y l a t e  m ix tu re s  on A lum ina.
S in ce  f e r r i c  io n s  p roduce on in te n s e  v i o l e t  c o lo u r  w ith  
s a l i c y l a t e ,  i t  was p o s s ib le  to  e s t i m a t e ,c o l o r i m e t r i c a l l y ,  th e  
amount o f  s a l i c y l a t e  i n  s o l u t i o n  a f t e r  a d s o rp t io n  by ad d in g  
f e r r i c  c h lo r id e  and a c e t i c  a c id  i n  a p p r o p r ia te  am ounts and 
m easu rin g  th e  o p t i c a l  d e n s i ty  ( a t  $20 m|i) o f  th e  r e s u l t i n g  
s o lu t io n  by  means o f a  S p ek k er a b s o rp tio m e te r#  The p re se n ce  
o f  CTAB red u c e s  th e  I n t e n s i t y  o f  t h i s  c o lo u r  b u t i t  was found 
p o s s ib le  to  a llo w  f o r  t h i s  e f f e c t  by  a p p r o p r ia te  c a l i b r a t i o n
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w ith  known q u a n t i t i e s  o f  CTAB.
A ll ex p e rim en ts  w ere c a r r i e d  o u t w ith  2#$ gm# a lu m in a  in  
30 o#c# s o lu t io n .  The i n i t i a l  c o n c e n t r a t io n  o f  CTAB was k e p t 
c o n s ta n t  a t  v a r io u s  v a lu e s  w h ile  th e  i n i t i a l  c o n c e n tr a t io n  
o f  s a l i c y l a t e  was v a r i e d .  The v i s c o - e l a s t i c i t y  o f  th e  s o lu t io n s  
g iv e s  r i s e  to  some d i f f i c u l t i e s  i n  s e p a r a t in g  th e  a lu m in a  from  
th e  s o lu t io n  a f t e r  a d s o r p t io n .  Where p o s s i b le ,  th e  a d s o rp t io n  
tu b e s  were l e f t  f o r  s e v e r a l  days i n  a  w a te r  th e rm o s ta t  a t  23*0 » 
In  many c a se s  th e  a lu m in a  s e t t l e d  i n  a  mass a t  th e  b o tto m  o f  th e  
tu b e  le a v in g  a  w a te r - c l e a r  s u p e rn a ta n t  l i q u i d .  I t  i s  o f  some 
i n t e r e s t  to  n o te  th a t  w ith  CTAB and a lum ina th e r e  was alw ays a  
f in e  su sp e n s io n  l e f t ,  even a f t e r  s e v e r a l  days in  a  th e rm o s ta t .
The c l e a r in g  up o f  t h i s  s l i g h t  t u r b i d i t y  by th e  a d d i t io n  o f  
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to  'lump* to g e th e r  in  T is c o « e la s t ic  s o lu t io n s *  In  c a se s  where 
th e  s u p e rn a ta n t  l i q u i d  c o n ta in e d  c o n s id e ra b le  am ounts o f  a lum ina 
even a f t e r  days o f  s ta n d in g #  i t  was n e c e s s a ry  to  f i l t e r  th e  
s o lu t io n *  T h is  r e q u i r e s  some c a re  s in c e  th e  f i r s t  few c . c . s  
o f  f i l t r a t e  a r e  much le s s  v is c o u s  th a n  th e  o r i g i n a l  s o lu t io n ,  
p resum ably  b ecau se  th e  la rg e  a g g re g a te s  o f  CTA* s a l i c y l a t e  do 
n o t e a s i l y  p a s s  th ro u g h  th e  f i l t e r #  T h is  b e h a v io u r  em phasises 
th e  inhom ogeneity  o f  th e  v i s c o - e l a s t i c  s o lu t io n #
R e su lts*
F ig# 16 shows th e  r a t i o  o f  th e  CTA* ad so rb e d  to  th e  s a l i ­
c y la te  ad so rb ed  p lo t t e d  a g a in s t  f i n a l  c o n c e n tr a t io n  o f  s a l i c y l a t e  
i n  s o lu t io n #  From t h i s  g rap h  i t  can  be s e e n  t h a t  th e  CTA* 
and th e  s a l i c y l a t e  a re  ad so rb ed  in  ap p ro x im a te ly  e q u im o le c u la r  
amounts ex c e p t a t  c o n c e n tr a t io n s  o f  s a l i c y l a t e  w hich  a re  low 
r e l a t i v e  to  th e  i n i t i a l  CTAB c o n c e n tra t io n *  There is#  however# 
a  c e r t a in  ten d en cy  f o r  th e  r a t i o  o f  th e  CTA* ad so rb ed  to  th e  
s a l i c y l a t e  ad so rb ed  to  d e c re a se  a t  h ig h  c o n c e n tra t io n s  o f  s a l i ­
c y la te  and t h i s  i s  r e f l e c t e d  in  f ig #  17 i n  w h ich  th e  amount o f  
s a l i c y l a t e  ad so rb ed  i s  p lo t t e d  a g a in s t  th e  f i n a l  c o n c e n tr a t io n  
o f  s a l i c y l a t e #  The p lo t  o f  th e  amount o f  CTA* ad so rb e d  a g a in s t  
th e  f i n a l  c o n c e n tr a t io n  o f  s a l i c y l a t e  i s  a lm o st h o r i z o n ta l  a t  
h ig h e r  c o n c e n tr a t io n s  o f  s a l i c y l a t e  ( f i g # 18)*
%  in  f i g * 16# two system s c o n ta in in g  d i f f e r e n t  i n i t i a l  
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s a l i c y l a t e ,  a re  exam ined, i t  can  be se e n  t h a t  th e  r a t i o  o f  CTA^ 
ad so rb e d  to  s a l i c y l a t e  ad so rb ed  i s  g r e a t e r  in  t h a t  system  w hich  
c o n ta in s  th e  g r e a t e r  amount o f  p ro v id e d  th e  s u r fa c e  i s  n o t
s a tu r a t e d .  T h is  i s  n o t b ecau se  th e  amount o f  CTA^ ad so rb ed  i s  
g r e a t e r  in  th e  system  c o n ta in in g  th e  g r e a t e r  amount o f  CTA* 
( in d e e d  as  f i g .  18 show s, i t  i s  s l i g h t l y  s m a lle r )  b u t becau se  
th e  s a l i c y l a t e  ad so rb ed  i s  much s m a lle r  i . e .  b e fo re  th e  s u r fa c e  
i s  s a tu r a te d  w ith  CTA* and s a l i c y l a t e ,  th e  amount o f  s a l i c y l a t e  
ad so rb e d  i s  d e c re a se d  as th e  c o n c e n tr a t io n  o f  CTA* in  s o lu t io n  
i s  in c r e a s e d .  T h is  i s  a l s o  shown by f i g ,  19 in  w hich th e  r a t i o  
o f  th e  CTA* to  th e  s a l i c y l a t e  in  th e  ad so rb ed  la y e r  i s  p lo t t e d  
a g a in s t  th e  same r a t i o  in  s o lu t io n ,  f o r  c o n c e n tr a t io n s  below  
th e  s a t u r a t i o n  v a lu e s . Only two iso th e rm s  a re  shown h e re  a s  i n
th e  o th e r  two th e  f i n a l  c o n c e n tr a t io n  o f  s a l i c y l a t e  i s  v e ry  low . 
The r a t i o  o f  CTA* to  s a l i c y l a t e  i n  th e  ad so rb ed  la y e r  i s  a p p ro x i­
m a te ly  p r o p o r t io n a l  to  th e  same r a t i o  in  s o lu t io n  a lth o u g h  th e  
*c o n s ta n t*  o f  p r o p o r t i o n a l i ty  i s  d ep en d en t to  some e x te n t  on th e  
t o t a l  amount o f  CTA* p r e s e n t .  T hat s t r a i g h t  l i n e s  a re  o b ta in e d  
in  b o th  c a se s  su g g e s ts  t h a t  th e  s t r u c t u r e s  o f  th e  CTA* -  
s a l i c y l a t e  ad so rb ed  la y e r  and th e  CTA* -  s a l i c y l a t e  com plex in  
s o lu t io n  a re  s im i la r  i , e ,  th e  s t r u c t u r e  o f  th e  CTA* -  s a l i c y l a t e  
com plex in  s o lu t io n  i s  e s s e n t i a l l y  tw o -d im e n s io n a l , .
F ig . 19.
RELATION BETWEEN CTA+^SALICYLATE ADSORBED 
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A d so rp tio n  o f CTA***-  s a l i c y l a t e  on 'P u r i f ie d #  A lum ina.
W hile th e  p u r i f i e d  a lum ina  d id  n o t ad so rb  CTA^$ I t  was found 
t h a t  I t  d id  ad so rb  sodium s a l i c y l a t e .  In  f a c t  ab o u t tw ice  as much 
as  d id  th e  com m ercial a lu m in a . A lthough  CTA* a lo n e  was n o t 
ad so rb ed  by th e  p u r i f i e d  a lu m in a , I t  was found t h a t  I t  was 
ad so rb ed  In  th e  p re se n ce  o f  s a l i c y l a t e ,  th e  r a t i o  o f  th e  amount 
o f  CTA* to  s a l i c y l a t e  In  th e  ad so rb ed  la y e r  b e in g  p lo t t e d  a g a in s t  
th e  f i n a l  c o n c e n tr a t io n  o f  CTA* In  F ig .  2 0 . The CTA* and th e  
s a l i c y l a t e  do n o t ap p e a r  to  be ad so rb ed  In  e q u a l am ounts a t  any 
c o n c e n t r a t io n .  The a c tu a l  amount o f  CTA* ad so rb ed  I s ,  even  a t  
I t s  h ig h e s t  v a lu e ,  o n ly  ab o u t a  q u a r te r  o f  t h a t  ad so rb ed  from  
CTA* -  s a l i c y l a t e  s o lu t io n s  by com m ercial a lu m in a . The u n u su a l 
shape o f  th e  cu rv e  I s  r a t h e r  d i f f i c u l t  to  acco u n t f o r .
FIG. 2 0
ADSORPTION OF CTAB -  SOD. SALICYLATE ON To 
2-5  GMS.*PüRinEP* ALUMINA.
INITIAL CONC»!* sa l ic y l a t e  IS -006TM
9. 0  8
0 0 5 010 02o
FiMAL CONCENTRATION CTA+ m /L.
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S e d im e n ta tio n  Volume o f  T itan iu m  D io x id e  i n  CTAB S o lu t io n s . 
E x p e r im e n ta l*
Tubes 6^* h ig h  and i n t e r n a l  d ia m e te r  w ere u se d . They 
w ere made from  s p e c i a l l y  s e l e c te d  tu b in g  o f  a c c u ra te  i n t e r n a l  
b o re .  The ends o f  th e  tu b e s  were f l a t .
The CTAB s o lu t io n s  a t  2$*C were ru n  in to  th e  t i t a n iu m  
d io x id e  powder in  a  b e a k e r  w hich  had p r e v io u s ly  b een  k e p t a t  
25*C in  an  a i r  th e rm o s ta t .  The m ix tu re  was s lo w ly  r o t a t e d  f o r  
ab o u t a  m in u te , c a re  b e in g  teiken to  av o id  b u b b lin g  o f  th e  
so a p . The m ix tu re  was th e n  r o t a t e d  a s  v ig o ro u s ly  as p r a c t i c a b le  
to  se c u re  e f f i c i e n t  m ix ing  and th e n  p ou red  in to  th e  s e d im e n ta tio n  
tu b e  w hich was r e tu rn e d  to  th e  a i r  th e rm o s ta t .  I n  m ost c a se s  
th e  powder se d im en ta te d  r a p id ly  and th e  h e ig h t  o f  th e  powder in  
th e  tube  co u ld  be re a d  o f f  a f t e r  an  hour* S o lu t io n s  w hich  
c o n ta in e d  f i n e l y  d is p e rs e d  powder were l e f t  a  s u f f i c i e n t  tim e 
to  become c l e a r  b e fo re  re a d in g s  w ere taken*
R e s u l t s ,
Most o f  th e  s e d im e n ta tio n  h e ig h ts  re a c h e d  e q u i l ib r iu m  
v a lu e s  f a i r l y  q u ic k ly ,  a lth o u g h  in  p re se n c e  o f  r e l a t i v e l y  la rg e  
am ounts o f  CTAB and in  th e  absence  o f  CTAB, e q u i l ib r iu m  was 
re a c h e d  v e ry  s lo w ly , F i g , 21 shows th e  e q u i l ib r iu m  cu rv e  f o r  
5 gm, o f  * an a tase  S '  i n  2$ c*c* w ate r*  F ig*22  shows th e  g ra p h
o f th e  s e d im e n ta tio n  volum e, as m easured by  th e  h e ig h t  o f  th e
FIG 21.
SEDIMENTATION OF S 6MS. TITANIUM DIOXIDE
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I t s  g e n e ra l  shape i s  w e l l  known i .e #  a  maximum s e d im e n ta tio n  
volume a t  a  low c o n c e n tr a t io n  o f  CTAB, a p p ro x im a te ly  6*7 x 10*^H 
and an  even low er s e d im e n ta tio n  volume i n  more c o n c e n tra te d  
( i . e .  ^  *008M) CTAB th a n  in  th e  w a te r - t I ta n iu m  d io x id e  sy s tem .
I f  th e  fo rm a tio n  o f  th e  u n i la y e r  o f  chem ls o rbed  CTA^ had 
b een  com pleted  b e fo re  a m p h ip a th ic  a d s o rp t io n  commenced, i t  w ould 
be ex p ec ted  t h a t  th e  c o n c e n tr a t io n  a t  w hich  th e  s e d im e n ta tio n  
volum e was a  maximum would have been  e q u a l to  th e  t o t a l  
c o n c e n tr a t io n  o f  chem isorbed  CTA^. Of c o u r s e ,  a s  shown in  
th e  a d s o rp t io n  m easurem ents, th e  CTA'*' i s  ad so rb ed  am p h ip a th ic  a l l y  
long  b e fo re  th e  co m p le tio n  o f  th e  chem isorbed  la y e r  b u t i t  i s  
p o s s ib le  to  c a l c u l a t e ,  from  th e  a d s o rp t io n  m easurem ents (fig.lo) 
th e  i n i t i a l  c o n c e n tr a t io n  o f  CTAB a t  w h ich  a  maximum a r e a  o f  
h y d ro carb o n  s u r f a c e  i s  exposed  to  th e  s o lu t io n  p ro v id e d  one 
assum es ( a )  t h a t  each  p h y s ic a l ly  ad so rb e d  CTA* io n  ' s h i e l d s '  
one chem isorbed  CTA* io n ,  and 
(b ) t h a t  th e  h y d ro carb o n  ch a in s  a r e  o r ie n ta te d  n o rm ally  
to  th e  s u r f a c e .
Thus f i g . 2) shows th e  h y d ro carb o n  s u r f a c e  exposed  to  th e  s o l u t i o n ,  
as  m easured by th e  d i f f e r e n c e  betw een  th e  amount o f  CTA* 
chem isorbed  and th e  amount p h y s ic a l ly  a d so rb e d , p l o t t e d  
a g a in s t  th e  i n i t i a l  c o n c e n tr a t io n  o f  CTAB. A maximum i s  
reac h ed  a t  .0044  m o l .y / l i t r e .  Now, a lth o u g h  th e r e  i s  some
Pi g . 2 3
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doubt a s  to  th e  p r e c i s e  v a lu e  o f th e  maximam s e d im e n ta tio n  volum e, 
i t  c e r t a i n l y  l i e s  below  ,001  m o l / l i t r e ,  i n i t i a l  CTAB c o n c e n tr a t io n .  
I t  th e r e f o r e  seems t h a t  th e  maximum s e d im e n ta tio n  volume i s  n o t 
co n n ec ted  w ith  th e  maximum a re a  o f  h y d ro ca rb o n  exposed  to  th e  
s o lu t io n .  W hile th e  two assu m p tio n s made above co u ld  be in  
e r r o r ,  a  more l i k e l y  e x p la n a t io n  o f  t h i s  d is c re p a n c y  i s  t h a t  th e  
a d d i t io n  o f a  s m a ll amount o f  p h y s ic a l ly  ad so rb ed  CTA^ to  th e  
s u r fa c e  f i lm  has a  v a s t l y  g r e a t e r  e f f e c t  i n  d e c re a s in g  th e  
s e d im e n ta tio n  volume th a n  th e  a d d i t io n  o f  th e  seune amount o f  
chem isorbed  CTA* has in  in c r e a s in g  th e  s e d im e n ta tio n  volum e. In  
f a c t ,  i t  may w e ll  be t h a t  th e  maximum se d im e n ta tio n  volume o cc u rs  
a t  a  c o n c e n tr a t io n  a t  w hich p h y s ic a l  a d s o rp t io n  has j u s t  
commenced.
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E f f e c t  o f  Sodium S a l i c y l a t e  -  CTAB on th e  s e d im e n ta t io n  
volume o f  f •
E x p e r im e n ta l ,
The ex p e rim en ts  were c a r r i e d  o u t w i th  v a r io u s  f ix e d  
c o n c e n tr a t io n s  o f  CTAB c o n ta in in g  d i f f e r e n t  am ounts o f  sodium  
s a l i c y l a t e ,  F o u r d i f f e r e n t  c o n c e n tr a t io n s  o f  CTAB w ere u sed  
i , e ,  ,00068M, ,0027M, ,0 0 ^4 ^  and ,00B1M, S o lu tio n s  w h ich  w ere 
v i s c o - e l a s t i c  w ere s t i r r e d  in to  th e  pow der. I t  was n o t ic e a b le  
t h a t  th e  CTAB -  s a l i c y l a t e  s o lu t io n s  d id  n o t 'w et* th e  t i t a n iu m  
d io x id e  a s  e a s i l y  a s  w a te r  o r  CTAB d id ,  a  s im i l a r  b e h a v io u r  
to  t h a t  found w ith  a lu m in a . However, a f t e r  s t i r r i n g  f o r  abou t 
h a l f  a  m in u te , th e  v i s c o - e l a s t i c i t y  d is a p p e a re d , i n  m ost c a s e s ,  
due to  th e  a d s o rp t io n  o f  th e  s a l t s  and th e  m ix tu re  ap p eared  v e ry  
s im i l a r  to  th o se  found  w ith  CTAB a lo n e .
R e s u l t s ,
The g ra p h  o f  th e  s e d im e n ta tio n  volume a g a in s t  th e  i n i t i a l  
c o n c e n tr a t io n  o f  s a l i c y l a t e  ie  shown in  f i g , 24 f o r  th e  fo u r  
c o n c e n tr a t io n s  o f  CTAB, The c u rv e s  a re  s i m i l a r  c h i e f ly  i n  t h a t  
th e r e  i s  an  i n i t i a l  r i s e  i n  th e  s e d im e n ta tio n  volume to  a  
maximum v a lu e ,  fo llo w ed  by a  s te a d y  d e c re a s e .  W hile th e  e f f e c t  
o f  th e  s a l i c y l a t e  in  in c r e a s in g  th e  s e d im e n ta tio n  volume o f  
,00068M CTAB Tj[(\g I s  s l i g h t ,  i t  m ust be remembered th a t  t h i s  i s  
th e  c o n c e n tr a t io n  a t  w hich th e  s e d im e n ta tio n  volume i s  a t  a  
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by th e  a d d i t io n  o f  «0023M s a l i c y l a t e  to  th e  *0027H CTAB-TjiC^ 
system  s in c e  th e  se d im e n ta tio n  volume r i s e s  to  a lm o st th e  
maximum v a lu e  found w ith  ,00068M CTAB, T hat th e  CTAB and 
th e  s a l i c y l a t e  a r e  p r e s e n t  in  a p p ro x im a te ly  e q u im o le c u la r  
am ounts su g g e s ts  a  c lo s e  p a r a l l e l  betw een  t h i s  system  and th e  
a d s o rp t io n  system s p r e v io u s ly  s tu d ie d  and d is c u s s e d  on page a .  55-57. 
C o n firm a tio n  th a t  th e  maximum s e d im e n ta tio n  volume i s  reac h ed  
when th e  s a l i c y l a t e  and th e  CTi* a re  p r e s e n t  i n  e q u im o le c u la r  
am ounts, i s  shown by th e  maximum se d im e n ta tio n  volume w hich 
o cc u rs  on th e  a d d i t io n  o f  *005M s a l i c y l a t e  to  ,0034^ CTAB,
(c u rv e  3 , f i g , 2 4 ) .
T h is  r i s e  in  th e  s e d im e n ta tio n  volume w ith  a d d i t io n  o f  
s a l i c y l a t e  i s  accom panied by a  v e ry  marked change in  th e  
ap p ea ran ce  o f  th e  s u p e rn a ta n t  l i q u i d  above th e  s e t t l e d  pow der.
F o r  in s t a n c e ,  w ith  .0027M CTAB a lo n e , th e r e  i s  a  f in e  su sp e n s io n  
above th e  powder w hich n e v e r  r e a l l y  s e d im e n ta te s .  A d d itio n  
o f  ,0023M s a l i c y l a t e  co m p le te ly  c l e a r s  t h i s  away g iv in g  a  
w a te r - c l e a r  l i q u i d .  T h is  i s  p a r t i c u l a r l y  an  e f f e c t  o f  h ig h e r  
c o n c e n tr a t io n s  o f  s a l i c y l a t e  i . e .  ab o u t . 0123M s in c e  th e  
s u p e rn a ta n t  l i q u i d  I s  c le a r e d  w ith o u t a  c o rre sp o n d in g  in c re a s e  
i n  th e  s e d im e n ta tio n  volum e. The ap p earan ce  o f th e  s e t t l e d  
powder a t  h ig h  c o n c e n tr a t io n s  o f  s a l i c y l a t e  i s  a l s o  changed in  
a  re c o g n is a b le  b u t a lm o st in d e f in a b le  way.
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The E f f e c t  o f  Sodium p -h y d ro x y h en zo ate  and Sodium p - c h lo r o -  
b e n z o a te  on th e  s e d im e n ta tio n  volum e.
To compare th e  e f f e c t s  o f  th e s e  a d d i t iv e s  w i th  t h a t  o f  sodium  
s a l i c y l a t e ,  an i n i t i a l  c o n c e n tr a t io n  o f .0027M CTAB was u s e d .
The r e s u l t s  a re  shown i n  f i g ,  2$ in  w hich th e  g rap h  for,0027M  
CTAB -sodium  s a l i c y l a t e  i s  a l s o  shown. The js-hyd roxyhenzoa te  
has a  s l i g h t  e f f e c t  i n  in c r e a s in g  th e  s e d im e n ta tio n  volume h u t  i t  
i s  n o t r e a l l y  com parable w ith  t h a t  o f  th e  sodium  s a l i c y l a t e .  On 
th e  o th e r  hand , th e  p ^ c h lo ro b e n z o a te  has a  s im i l a r  e f f e c t  to  
sodium  s a l i c y l a t e  a l th o u g h  th e  s e d im e n ta tio n  volume i s  n o t so  
g r e a t .  F u rth erm o re  th e  maximum se d im e n ta tio n  o cc u rs  a t  a  r a t h e r  
h ig h  c o n c e n tr a t io n  o f  p -c h lo ro b e n z o a te  i . e .  .OO46 m o l / l i t r e . At 
t h i s  p o in t  th e  r a t i o  o f  th e  ^ -c h lo ro b e n z o a te  to  th e  CTA^ i n  th e  
ad so rb ed  la y e r  i s  " ^ 2^  o r  1 ,7  assum ing t h a t  a l l  th e  £ ;-c h lo ro -  
b e n z o a te  i s  a d so rb e d . In  f i g ,2 6  v i s c o s i t y  cu rv es  f o r  th e  
s a l i c y l a t e  and th e  j^ -ch lo ro b en a o a te  i n  ,01)3M CTAB a re  shown.
The maximum v i s c o s i t y  in  th e  s a l i c y l a t e  -  CTA* s o lu t io n  o cc u rs  i n  
th e  r e g io n  o f  e q u im o le c u la r i ty  b u t f o r  th e  p ;«ch lo robenzoa te  -  CTA* 
i t  o cc u rs  a t  abou t , 024M i . e .  when th e  r a t i o  o f  th e  ^ - e h lo r o -  
b e n z o a te  to  th e  CTA* in  th e  s o lu t io n  i s  *^01^5 T h is  may
I n d ic a te  t h a t  th e  p^-ch lo robenzoate  -  CTA* system  has i t s  most 
*in te r e s t in g *  p r o p e r t i e s  when th e  r a t i o  o f  th e  jq -ch lo ro b en z o a te  
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D is c u s s io n
S S S B S S S W 3 S S S S S
As in d ic a te d  p r e v io u s I71 th e  p r in c ip a l  r e s u l t s  may be 
e x p la in e d  on th e  b a s i s  o f  th e  ^ a d so rp tio n  w i th  re v e rs e d  o r i e n t a ­
tio n *  th e o ry  g iv e n  i n  th e  in t r o d u c t io n  to  th e  a d s o rp t io n  w ork.
I t  has been  s t a t e d  t h a t  th e  B r^ iso th e rm s r e p r e s e n t  a  p lo t  o f  
th e  amount o f  CTA* a m p h lp a th ic a l ly  ad so rb ed  a g a in s t  th e  amount o f  
CTA ch em iso rb ed , u n t i l  th e  r e g io n  in  w hich th e  a d s o rp t io n  b e g in s  
to  d ec rease*  The j u s t i f i c a t i o n  f o r  t h i s  i s  t h a t  i t  i s  j u s t  what 
would be a n t i c i p a te d  to  o c c u r  i f  a  double l a y e r  o f  io n s  i s  fo rm ed , 
th e  f i r s t  l a y e r  b e in g  chem iso rbed  by io n  exchange , th e  second  
b e in g  p h y s ic a l ly  a d s o rb e d . The p ro c e s s  o f  a d s o rp t io n  c o u ld  be 
v i s u a l i s e d  a s  fo llo w s*
I n i t i a l  a d d i t io n s  o f  CTA* io n s  come in to  c o n ta c t  w ith  th e  
s u r fa c e  l a y e r  o f  th e  ad so rb e n t*  The p r e c i s e  mechanism by  w hich  
th e  io n s  d i f f u s e  in to  th e  s u r fa c e  rem ains unknown b u t th e r e  m ust 
be a  c o n s id e ra b le  r e d u c t io n  in  th e  f r e e  en e rg y  o f  th e  sy stem  
when th e  CTA* exchanges w ith  a  c a t io n  from  th e  s u r fa c e  (p ro b a b ly  
sodium  in  th e  ca se  o f  th e  a lu m in a ) , b ecau se  w a te r  te n d s  to  be 
e x p e lle d  from  th e  s u r f a c e  and h y d rocarbon  c h a in s  a r e  in te rp o s e d  
betw een  th e  s o l i d  and th e  s o lu t io n *  The in s o lu b le  s a l t  form ed 
by  th e  io n  exchange rem ains a t ta c h e d  to  th e  s u r fa c e  w h ile  th e  
s o lu b le  s a l t  (KaBr w ith  a lu m in a ) a p p a re n t ly  d i f f u s e s  away*
T h is i s  shown by th e  a lm o st ze ro  s lo p e  o f th e  B r^ iso th e rm  a t
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low c o n c e n tr a t io n s *  A f te r  a  c e r t a i n  amount o f  CTA* has been  
a b s o rb e d , a m p h ip a th ic  a d s o rp t io n  b e g in s  w i th  th e  second la y e r  
form ed so  a s  to  red u ce  th e  h yd rocarbon  -  w a te r  i n t e r f a c e .  I t  
h a s ,  how ever, b een  p o in te d  o u t (p a g e 45 ) t h a t  o n ly  som eth ing  
in  th e  r e g io n  o f  h a l f  th e  c h e m iso rp tio n  s i t e s  w hich  a re  
u l t i m a t e ly  f i l l e d ,  have been f i l l e d  when th e  second la y e r  b e g in s  
to  fo rm .
T here a re  a t  l e a s t  th r e e  re a s o n s  f o r  t h i s .  F i r s t  th e
n e c e s s i ty  to  red u ce  th e  h y d rocarbon  -  w a te r  i n t e r f a c e ,  seco n d ,
th e  c h e m iso rp tio n  s i t e s  w i l l  be o f  d i f f e r e n t  energy  le v e l s  and
t h i r d ,  c h e m iso rp tio n  s i t e s  may a c tu a l ly  be b lo ck ed  by th e
so
b u lk y  h y d ro ca rb o n  c h a in s .  W hile th e  work o f  Tom linson 
r e p o r te d  i n  th e  in t r o d u c t io n ,  had su g g e s te d  t h a t  th e  maximum 
in  th e  s e d im e n ta t io n  volume c o in c id e d  w ith  th e  co m p le tio n  o f  th e  
f i r s t  ad so rb e d  l a y e r ,  i t  has b een  p o in te d  o u t (page ^  1 ) t h a t  
t h i s  maximum c o u ld , p e rh a p s , be b e t t e r  re g a rd e d  as th e  p o in t  a t  
w hich  am p h ip a th ic  a d s o rp t io n  b e g in s .  Of c o u r s e ,  th e s e  two v iew s 
become more a l ik e  a s  th e  change from  th e  chem isorbed  CTA* la y e r  
to  th e  p h y s ic a l ly  ad so rb ed  CTA* la y e r  becomes more a b ru p t and 
t h i s  w i l l  depend on th e  n a tu re  o f  th e  a d s o rb e n t .
Once am p h ip a th ic  a d s o rp t io n  b e g in s  ( i . e .  a d s o rp t io n  of 
B r^ b e g in s ) ,  a  d i f f i c u l t y  i n  th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  
i s  p r e s e n te d  s in c e  i t  i s  n o t p o s s ib le  to  sa y  w h e th e r a l l  th e
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B r^ i s  a& sorbed in  company w ith  an  e q u iv a le n t  amount o f  OTA* 
io n s .  There seems no re a s o n  to  b e l ie v e  t h a t  th e  B r ' i s  
ad so rb ed  by a n io n  exchange w ith  th e  a d s o rb e n t s in c e  t h i s  would 
be ex p e c te d  to  o cc u r even a t  th e  lo w e s t c o n c e n tra t io n s *  However» 
i t  i s  p o s s ib le  t h a t  some o f  th e  s o lu b le  s a l t  (s a y  KaBr) p roduced  
by  io n  exchange i s  ad so rb ed  by  th e  seco n d  la y e r#  The s u r fa c e  
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[ i t  sh o u ld  be em phasised  h e re  t h a t  t h i s  s o r t  o f  d iag ram  
i s  in te n d e d  p r im a r i ly  f o r  e x p la n a to ry  p u rposes»  n o t f o r  
e x a c t ly  r e p r e s e n t in g  th e  s u r fa c e  f ilm »  w h ich  w i l l  be much 
more c h a o t ic  th a n  th e  o rd e re d  s t r u c t u r e  shown# T h is  
d iag ram  does» however» c o n ta in  th e  e s s e n t i a l  f e a tu r e s  
o f  th e  ad so rb ed  f i l m ] .
W hile i t  i s  p ro b ab le  t h a t  s a l t s  a r e  ad so rb e d  to  some e x te n t
by m ic e l le s  in  s o lu t io n »  i t  has n o t r e a l l y  been  e s t a b l i s h e d  to  
what e x te n t#  I t  i s  l i k e l y ,  however» t h a t  th e  amount o f  a d s o rp ­
t i o n  i s  c o m p a r it iv e ly  s l i g h t  ( t h i s  i s  su p p o r te d  by some m easu re­
m ents on th e  a c t i v i t y  c o e f f i c i e n t  o f  B r^  i n  (CTAB + KBr) 
s o lu t io n s  p re s e n te d  in  p a r t  I I )
«8
F u rth e rm o re  th e  s u r f a c e  o f th e  ad so rb ed  f i lm  I s  l i k e l y  
to  d i f f e r  c o n s id e ra b ly  from  th e  s u r fa c e  o f  th e  m ic e l le s  in  
s o lu t io n  in  re g a rd  to  i t s  c u rv a tu re #  T h is  a d s o rp t io n  may, 
how ever, e x p la in  a  v e ry  s l i g h t  d is c re p a n c y  betw een  th e  CTA* 
and Br^ iso th e rm s a t  c o n c e n tr a t io n s  above t h a t  r e q u i r e d  to  
produce s a t u r a t i o n  o f th e  ad so rb ed  film *  F ig s#  6 , 10 and 11 
show t h a t  th e  CTA a d s o rp t io n  te n d s  to  d e c re a s e  s l i g h t l y  a t  
h ig h e r  c o n c e n tr a t io n s  w h ile  th e  B r^ a d s o rp tio n  does n o t ,  showing 
t h a t  Br" i s  b e in g  ad so rb ed  i n  ex c e ss  o f  t h a t  ad so rb ed  in  company 
w ith  th e  CTA^*
In  g e n e r a l ,  how ever, th e  f a c t  t h a t  i t  i s  p o s s ib le  to  
c a lc u l a t e  ( pages ' 4 5 , )  th e  amount o f  QTA^ a d so rb e d  by  
m easurem ent o f th e  Br" ad so rb e d  and  in  s o lu t io n  i s  s t r o n g  
ev id en ce  in  fa v o u r  o f  th e  i d e n t i f i c a t i o n  o f  th e  B r" ad so rb ed  
w ith  th e  CTA^ am phipat h ie  a l l y  ad so rb ed  and th e  Br" i n  s o lu t io n  
w ith  th e  Cta^  chem isorbed#
These CTA^ a d s o rp t io n  v a lu e s  may be u se d  in  a t  l e a s t  two 
ways to  g iv e  some in fo rm a tio n  ab o u t th e  a d s o rp t io n  la y e r*
(1} I f  each  CTA io n  i s  ta k e n  to  occupy an  a r e a  o f  3$A , 
th e  hctive^  s u r fa c e  a r e a  may be c a lc u la te d  from  th e  p ro d u c t o f  
t h i s  num ber, th e  amount o f CTA^ chem isorbed  and Avogadro#s 
number# The r e s u l t s  s e  o b ta in e d  a re  sum m arised in  t a b le  I I ,  
to g e th e r  w ith  th o se  o b ta in e d  in d e p e n d e n tly  by IL a d s o rp tio n #
TÂBLB II
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Powder *A c tiv e  * s u r f a c e  
a r e a  m?/ g
S u rfa c e  a r e a  by 
Hg a d s?  m 2/g.
^ S u r f a c e  
co v ered
Alum ina 1 2 .2 69.6 18
4 .4 7 .6 58
S i l i c a 7 .2 8 .0 90
The po ro u s n a tu r e  o f  th e  a lum ina  may c o n t r ib u te  to  th e  sm a ll 
f r a c t i o n  o f th e  s u r fa c e  a p p a re n t ly  a v a i la b le  f o r  CTA^ a d s o rp t io n ,  
th e  CTA^ io n  b e in g  u n a b le  t o  p e n e t r a te  th e  f i n e r  pores*
( 2 ) I f  a  do u b le  l a y e r  o f  CTA^ io n s  w ere form ed on a  sm ooth 
s u r f a c e  i t  m ight be a n t i c i p a t e d  t h a t  th e  amount o f  a m p h ip a th ic a lly  
ad so rb ed  CTA^ (^ p )  would be e q u a l to  th e  amount o f  chem isorbed  
CTA^ ( a ^ )  when s a t u r a t i o n  i s  re a c h e d . In  th e  a c tu a l  e x p e r i ­
m en ta l c a s e ,  how ever, t h i s  i s  f a r  from  b e in g  th e  case* The 
r e s u l t s  a r e  sum m arised i n  t a b le  I I I  f o r  convenience*
TABIE I I I
Powder
a t  s a tu r a t i o n  
m ol./gm * X lOr
»o
a t  s a t u r a t i o n  
m o l./gm . X l ( f
A lum ina 10 .2 5 .8 1 .8
2 .7 2 .1 1 .3
S i l i c a 4 .9 5 .4 1 .4
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The r a t i o  a^p/^c g r e a t e r  th a n  u n i ty  in  a l l  th r e e  c a s e s  and 
t h i s  may he due to  th e  ad so rb ed  f i lm  te n d in g  to  have one o r  a l l  
o f  th e  fo llo w in g  th r e e  s t r u c tu r e s *
( a )  S in ce  o n ly  p a r t  o f  th e  s u r f a c e  c o n ta in s  a c t iv e  s i t e s  f o r  
a d s o rp t io n ,  s m a ll  ■ surface* m ic e l le s ,  r a t h e r  th a n  one enormous 
m ic e l le  c o v e rin g  th e  s u r f a c e ,  may be e x p e c te d  to  be formed*
T h is  may be r e p re s e n te d  a s
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® 0 ( B © © ®  ^
©  ®  ©  ©
'  /  /  / / / ? / / /  /  / /  / ’ / ’ / V / ’ ; / ' 7^
T h is  w i l l  c o n t r ib u te  to  an  in c re a s e  in  th e  r a t i o  #
(b )  The convex n a tu re  o f  th e  s u r f a c e s  o f a l l  powders w i l l  te n d
to  produce a  d oub le  la y e r  l i k e  t h i s
le a d in g  to  an  in c re a s e  in  th e  r a t i o  *
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( c )  C e r ta in  i r r e g u l a r i t i e s  w i l l  g iv e  r i s e  to  su c h  an arran g em en t 
as
/
g iv in g  a  d e c re a se  i n  th e  r a t i o  .
Such i s  th e  co m p lex ity  o f  th e  s u r fa c e  o f  a  s o l i d  t h a t  t h i s  
can  he c o n s id e re d  o n ly  as a  c ru d e  o u t l in e  o f th e  n a tu re  o f  th e  
ad so rb ed  l a y e r .  There a re  many o th e r  c o m p lic a tio n s  ab o u t w hich  
l i t t l e  i s  known, w hich w i l l  in f lu e n c e  t h i s  p ic tu r e  e ,g ,  s u r f a c e  
a c t iv e  s i t e s  may be ex p e c te d  to  form  on more exposed p a r t s  o f  th e  
s u r fa c e  w h ile  th e  d e fo rm a tio n  o f  s p h e r i c a l ,  c y l i n d r i c a l  o r  
la m e l la r  m ic e l l e s ,  due to  a tta c h m e n t to  th e  s u r f a c e ,  w i l l  a f f e c t  
th e  s t a b i l i t y  o f  th e  m ic e lle s#
A lthough  i t  may be s a id  t h a t  t h i s  r a t i o  ap^a^  i s  r e l a t e d  
to  th e  n a tu re  o f  th e  s u r fa c e  and to  th e  number and d i s t r i b u t i o n  
o f a c t iv e  s i t e s  th e re o n , more p r e c i s e  s u g g e s tio n s  a r e  n e c e s s a r i l y  
t e n t a t i v e  owing to  th e  la c k  o f d a ta  a v a i la b le #  Thus whUe i t  i s  
q u i te  l i k e l y  t h a t  th e  h ig h  a p ^ e  r a t i o  f o r  a lum ina  i s  r e l a t e d  to  
th e  low s u r fa c e  a r e a  a c tu a l ly  co v ered  by th e  a d s o rb a te  [due to  ( a ) ]  
th e re  i s  a l s o  th e  p o s s i b i l i t y  t h a t  th e  po rous n a tu re  o f th e  alum ina, 
in v o lv in g  a  r a t h e r  rough  s u r f a c e ,  e n a b le s  m ic e l le s  o f th e  ty p e  (b )
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to  p re d o m in a te . However, th e  crude  p ic tu r e  o u t l in e d  above 
d o e s , a t  any r a t e ,  i n d ic a t e  th e  p rep o n d eran ce  o f  th e  s t r u c t u r e s  
( a )  and (b )  f o r  a l l  th e  a d s o rb e n ts  s tu d ie d .
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The E f f e c t  o f O rganic S a l t s  on th e  a d s o rp t io n  o f  CTA^ on
Alumina and on th e  S ed im e n ta tio n  Volume o f  TiO^ in  CTAB S o lu t io n s ,
The p r in c ip a l  f a c t s  w hich seem to  h a re  been  e s ta b l i s h e d  a re
(1 ) Sodium s a l i c y l a t e  has a  un ique e f f e c t ,  among a d d i t iv e s  s tu d ie d  
in  alw ays in c r e a s in g  th e  amount o f CTA^ ad so rb ed  on a lu m in a , 
a l l  th e  o th e r  s a l t s  h av in g  th e  o p p o s ite  e f f e c t ,
( 2 ) In  th e  p re se n c e  o f  s u f f i c i e n t  s a l i c y l a t e ,  th e  ad so rb ed  la y e r  
c o n ta in s  CTA^ and s a l i c y l a t e  i n  a p p ro x im a te ly  e q u im o le c u la r  
am ounts,
( 5 ) Sodium s a l i c y l a t e  and sodium  p -c h lo ro b e n z o a te  b o th  te n d  to  
produce c o n s id e ra b le  in c re a s e s  in  th e  s e d im e n ta tio n  volume 
of TlOg in  c e r t a i n  CTA^ s o lu t io n s  w h ile  sodium  £--hydroxy« 
b en zo a te  has o n ly  a  s l i g h t  e f f e c t .
iA
The E f f e c t  o f  Sodium S a l i c y l a t e  on th e  CTAB A d so rp tio n  l a y e r .
The p r i n c i p a l  s e d im e n ta tio n  r e s u l t s  w i th  TiOg were o b ta in e d  
u s in g  two c o n c e n t r a t io n s  o f  CTAB i . e .  .0027M and .0054M, and 
in d ep en d en t a d s o rp t io n  m easurem ents show t h a t  a l l  o f  t h i s  CTAB 
i s  a d s o rb e d . In  th e  f i r s t  ca se  ab o u t .0022 m /l .  CTA^ i s  chem i­
so rb ed  and .0 0 5  m /l i s  p h y s ic a l ly  ad so rb ed  w h ile  in  th e  se c o n d , 
.0057  m /ï CTA^ i s  chem isorbed  w h ile  .0017  m /l i s  p h y s ic a l ly  
a d so rb e d . At b o th  th e s e  c o n c e n tr a t io n s  th e  s e d im e n ta tio n  volume 
has f a l l e n  below  i t s  h ig h e s t  v a lu e  d u e , p resu m ab ly , to  th e  e f f e c t  
o f th e  a m p h ip a th ic a l ly  ad so rb ed  CTA*.
A d so rp tio n  m easurem ents ( i n  f i g .  16 } on a lum ina  w ith  CTAB -  
sodium  s a l i c y l a t e  m ix tu re s  a t  «0081M, t o t a l  CTAB c o n c e n tr a t io n  
(when th e  s u r f a c e  la y e r  i s  n o t s a tu r a te d  w ith  CTA*) have shown 
t h a t  p r a c t i c a l l y  a l l  th e  s a l i c y l a t e  i s  ad so rb ed  i . e .  u n t i l  
e q u im o le c u la r i ty  has b een  re a c h e d . I t  i s  th e r e f o r e  l i k e l y  th a t  
in  th e  TlOg sy s tem s , a l l  th e  i n i t i a l l y  added s a l i c y l a t e  i s  
ad so rb e d .
The r i s e  in  th e  s e d im e n ta tio n  volume in  b o th  .0027M and 
*0054M CTAB s o lu t io n s  on a d d i t io n  o f s a l i c y l a t e  i s  most p ro b a b ly  
due to  th e  rem oval o f a l l  th e  a m p h ip a th ic a l ly  ad so rb ed  CTA* in  th e  
f i r s t  c a se  ( s in c e  th e  s e d im e n ta tio n  volume r i s e s  to  th e  h ig h e s t  
re c o rd e d  v a lu e )  and in  th e  second  c a s e ,  t o  th e  rem oval o f  p a r t  
o f  th e  a m p h ip a th ic a l ly  adso rb ed  CTA*. T h is CTA* presum ably
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i n t e r a c t s  w ith  th e  s a l i c y l a t e  in  su c h  a  way t h a t  i t  e i t h e r
becomes o r ie n te d  in  th e  ■ reverse* se n se  o r  e l s e  o c cu p ie s  a  v e ry
much s m a lle r  p o r t io n  o f th e  s u r fa c e  l a y e r .  The TiO^ p a r t i c l e s
w i l l  th e n  te n d  to  c o a le s c e  to  a  g r e a t e r  e x te n t  and a  lo o s e ,
p o ro u s , s t r u c t u r e  w ith  a  h ig h  s e d im e n ta tio n  volum e, w i l l  fo rm .
T here i s ,  how ever, no in d ic a t io n  t h a t  th e  s a l i c y l a t e  w h ich  i s
i n i t i a l l y  ad d ed , i n t e r a c t s  o n ly  w ith  an  amount o f  CTA* e q u iv a le n t
to  t h a t  p h y s ic a l ly  ad so rb ed  in  th e  ab sen ce  o f  s a l i c y l a t e ,  s in c e
th e  s e d im e n ta tio n  volume o n ly  re a c h e s  a  maximum when th e  CTA*
and s a l i c y l a t e  a re  p r e s e n t  in  e q u a l am ounts and th e  a d s o rp t io n
r e s u l t s  a l s o  show th e  s ig n i f ic a n c e  o f e q u im o le c u la r i ty .
A lth o u g h  th e s e  r e s u l t s  o n ly  i n d ic a t e  a  v e ry  c lo s e  a s s o c ia t io n
betw een  th e  CTA* and th e  s a l i c y l a t e ,  th e  ty p e  o f  m ic e l le  v i s u a l -
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i s e d  by  Good smd W alker and shown in  th e  in t r o d u c t io n  ac co rd s  
q u i te  w e ll  w ith  s t e r i c  c o n s id e r a t io n s  o f  th e  ad so rb e d  l a y e r .
The in c re a s e  i n  th e  s e d im e n ta tio n  volume may be ro u g h ly  r e p r e s e n t ­
ed by
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Some o f  th e  s a l i c y l a t e  may be chem isorbed  by  a n io n  s i t e s  
th u s  e n a b lin g  th e  C T A * -sa licy la te  com plex to  co v e r  a  l a r g e r  p a r t  
o f  th e  su rfa c e *  I t  i s  a l s o  l i k e l y  t h a t  t h i s  complex can  co v e r  
p a r t s  o f  th e  s u r fa c e  w here n e i t h e r  io n  i s  a c t u a l l y  chem iso rbed  
i . e .  th e  s a l i c y l a t e  w i l l  ■bind* CTA* io n s  to g e th e r  to  form  a  la r g e  
a g g re g a te  on th e  s u r fa c e  i n  th e  same way a s  i t  * b in d s■ them  
to g e th e r  in  s o lu t io n *
The a d s o rp t io n  r e s u l t s  g e n e r a l ly  te n d  to  s u b s t a n t i a t e  th e  
view s o u t l in e d  above. When th e  s u r fa c e  i s  n o t s a tu r a te d  w ith
CTA*, a l l  th e  s a l i c y l a t e  i s  ad so rb ed  u n t i l  e q u im o le c u la r i ty  
i s  re ach ed  a lth o u g h  th e r e  does seem to  be a  ten d en cy  f o r  th e  
a d s o rp t io n  o f  s a l i c y l a t e  to  c o n tin u e  beyond t h i s .  T h is  i s  
p ro b a b ly  due to  th e  ■mass ac tio n *  a d s o rp t io n  by io n  exchange on 
s u r fa c e  o f th e  second  la y e r  o f  th e  C T A * -sa lic y la te  com plex.
When th e  s u r fa c e  i s  n o t s a tu r a t e d  w i th  CTA*, th e r e  i s ,  a t  
f i r s t ,  c o m p e ti t io n  f o r  th e  s a l i c y l a t e  betw een  th e  CTA* ad so rb e d  
and t h a t  i n  s o lu t io n .  The s a l i c y l a t e  a p p e a rs  to  be d i s t r i b u t e d  
betw een  th e  a d s o rp t io n  l a y e r  and th e  s o lu t io n  i n  a somewhat 
s im i l a r  way to  t h a t  in  w h ich  a  su b s ta n c e  i s  d i s t r i b u t e d  b etw een  
two p h ases  i*e«  th e  s t r u c t u r e  o f  th e  a g g re g a te s  in  th e  ad so rb ed  
la y e r  and i n  s o lu t io n  a p p e a r  to  be r a t h e r  s i m i l a r .  The a d s o rp t io n  
la y e r  co u ld  be reg a rd ed  as c o n s i s t in g  o f  p o ly m e ric  a g g re g a te s  
a t ta c h e d  to  th e  s u r fa c e  a t  v a r io u s  p o in ts  b u t  th e s e  a g g re g a te s
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can n o t ex te n d  In to  th e  s o lu t io n  to  any g r e a t  d eg ree  as  th e  
amount o f  CTA* ad so rb ed  i s  rem ark ab ly  c o n s ta n t  d u r in g  la r g e  
v a r i a t i o n s  in  s a l i c y l a t e  c o n c e n tra t io n #
The rem ark ab le  in c re a s e  i n  CTA* a d s o rp t io n  i n  th e  p re se n c e  
o f s a l i c y l a t e  may be a t t r i b u t e d  to  th e  a b i l i t y  o f th e  CTA* -  
s a l i c y l a t e  a g g re g a te  to  co v e r m ost o f  th e  s u r f a c e  o r  to  
a d s o rp t io n  o f  s a l i c y l a t e  o r  t o  a  f u r t h e r  l a y e r  o r  p a r t  o f  a  
la y e r  form ed on to p  o f th e  b im o le c u la r  l a y e r .  I f  th e  f i r s t  
o f  th e s e  re a so n s  i s  c o r r e c t  i . e .  i f  th e  a d s o rp t io n  l a y e r  
co m p le te ly  co v e rs  th e  s u r f a c e  e . g .
— - i n n n nil
i t  sh o u ld  be  p o s s ib le  to  o b ta in  th e  s u r f a c e  a r e a  from  th e s e
+ *sa d s o rp t io n  m easurem ents. T aking  th e  a r e a  p e r  CTA io n  a s  35A
#2 90
and as  24A f o r  th e  s a l i c y l a t e  , th e  s u r fa c e  a r e a  sh o u ld  be
2 ,1 6  X 1 0 "^ . 6 .02  I  10 (35  X 10"*° + 24 x  10 ) m / g
2 /
o r  38#5 m / g #
2 i
The v a lu e  o b ta in e d  by a d s o rp t io n  was 69*6 m / g .  Such 
i s  th e  po rous n a tu re  o f  th e  s u r f a c e  o f  a lu m in a  t h a t  t h i s  r e s u l t  
s u g g e s ts  th e  p o s s i b i l i t y  o f  u s in g  th e  a d s o rp t io n  o f  CTAB -  sodium  
s a l i c y l a t e  from  aqueous s o lu t io n s  o n to  powders in  o rd e r  t o  o b ta in ,  
a t  any r a t e ,  a rou g h  e s tim a te  o f  th e  s u r fa c e  a r e a .
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The E f f e c t  o f  Sodium p -hydroxy  and p -am ino b e n z o a te s  on th e  
CTAB A d so rp tio n  L ay e r.
The c o n s id e ra b le  r e d u c t io n  in  th e  amount o f  CTA* ad so rb ed  on 
a lu m in a  on a d d i t io n  o f sodium  j^-hydroxy o r  p^-eunino b e n z o a te s  
(and  to  a  l e s s e r  e x te n t  sodium  0;>am inobenzoate) i s  v e ry  i n t e r e s t ­
in g  b u t  r a t h e r  d i f f i c u l t  to  ac co u n t f o r  s in c e  o n ly  one c o n c e n tra ­
t i o n  o f  CTA* has b een  u se d .
I t  i s  p o s s ib le  t h a t  th e s e  s a l t s  in c re a s e  th e  s t a b i l i t y  and 
number o f  th e  m ic e l le s  i n  s o lu t io n  a t  th e  expense o f  th o se  
ad so rb ed  on th e  s u r fa c e  b u t  th e  amount o f  CTA* d is p la c e d  from  th e  
s u r fa c e  i s  so g r e a t  as to  d i s c r e d i t  t h i s *
A more l i k e l y  e x p la n a t io n  i s  t h a t  th e  s a l t s  somehow s e p a r a te  
th e  io n ic  g roups o f  th e  a d so rb e d  CTA io n s*  S in c e  th e  s u r fa c e  
m ic e l le s  a r e  f ix e d  in  s i z e ,  th e r e  w i l l  be  a  r e d u c t io n  in  th e  
amount o f  CTA^ ad so rb ed  s im p ly  due to  th e  space  o ccu p ied  b y  th e  
s a l t  in  th e  m ic e l le .  A c tu a l p e n e t r a t io n  o f  su ch  an  io n  as 
p -h y d ro x y b en zo a te  in to  a  CTA* m ic e l le  i n  a  way s im i l a r  to  t h a t  su g ­
g e s te d  f o r  th e  s a l i c y l a t e ,  h a s ,  how ever, two d raw backs. F i r s t ,  
th e  en erg y  r e q u ir e d  to  remove th e  p o la r  hydroxy group  from  th e  
w a te r  w i l l  red u ce  th e  s t a b i l i t y  and th e r e f o r e  th e  amount o f  th e  
r e s u l t i n g  m ic e l le .  Second , th e r e  i s  no p a r t i c u l a r  re a s o n  to  
su s p e c t any o th e r  ty p e  o f fo rc e  w h ich  m ight a llo w  th e  £;-hydroxy- 
b en z o a te  to  p e n e tr a te  in to  th e  m ic e l le  s in c e  th e  v i s c o s i t y  o f  
CTAB -  sodium  p -h y d ro x y b en zo a te  s o lu t io n s  i s  th e  same as  w ate r.
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The E f f e c t  o f  sodium b en z o a te  and sodium p - n i t r o  and p - c h lo ro  
b e n z o a te s  on th e  CTA* A d so rp tio n  L ay e r.
These s a l t s  a p p e a r  to  have e f f e c t s  in te rm e d ia te  betw een  th o se  
o f  sodium  s a l i c y l a t e  on th e  one hand and  sodium  j^-hydroxy and 
jo-amino b e n z o a te s  on th e  o th e r#  The a d s o rp t io n  l a y e r  i n  th e  
p re se n c e  o f  a l l  th r e e  a d d i t iv e s  i s  th u s  l i k e l y  to  be a  f u s io n  o f
th e  d i f f e r e n t  ty p e s  o f  a d s o rp t io n  la y e r s  form ed betw een  s a l i c y l a t e
+ + and CTA and betw een CTA and ^ -h y d ro x y  o r  ^ -am ino  b e n z o a te s .
The p ;-ch lo ro  and p ^ -n itro  b e n z o a te s  seem to  behave more l i k e
s a l i c y l a t e  a t  f i r s t  in  t h a t  th e y  in c re a s e  th e  a d s o rp t io n  o f  CTA^,
b u t  th e  a g g re g a tin g  te n d en cy  o f  th e  s u r f a c e  m ic e l le s  b re a k s  down
a t  h ig h e r  c o n c e n tr a t io n s  o f  th e  a d d i t i v e .
The se d im e n ta tio n  e f f e c t  w ith  p -c h lo ro b e n z o a te  co n firm s 
t h a t  t h i s  s a l t  has a  s i m i l a r ,  b u t n o t su ch  a  p o w e rfu l , in f lu e n c e  
a s  s a l i c y l a t e  on th e  CTA* a d s o rp t io n  l a y e r .  I t  may be t h a t  
a l th o u g h  th e  CTA -p -c h lo ro b e n z o a te  a g g re g a te  has a  h ig h ly  
e x te n s iv e  s t r u c t u r e  in  s o lu t io n  (a s  shown by th e  v i s c o s i t y  
e f f e c t s ) ,  t h i s  s t r u c t u r e  te n d  to  b re a k  down when th e  a g g re g a te  i s  
co n f in e d  to  two d im e n s io n s . I t  co u ld  th e r e f o r e  be t h a t  th e  
cau se  o f  th e  v i s c o - e l a s t i c i t y  in  p -c h lo ro b e n z o a te  -  CTA* s o lu t io n s  
i s  d i f f e r e n t  from  t h a t  in  s a l i c y l a t e  -  CTA* s o lu t io n s  even  though  
t h e i r  m ech an ica l b e h a v io u r  i s  r a t h e r  s i m i l a r .
P A R T  I I .
The A pproxim ate a c t i v i t y  c o e f f i c i e n t  o f  B r '' i n  
aqueous CTAB and CTAB-salt s o lu t io n s .
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IHTRODIJCTION
A lth o u g h  therm odynam ics does n o t p e rm it th e  e v a lu a t io n  o f  
in d iv id u a l  io n ic  a c t i v i t i e s ,  i t  i s ,  n e v e r th e le s s ,  co n v e n ien t to  
u se  ■ h y p o th e t i c a l '  io n ic  a c t i v i t i e s ,  w ith  th e  u n d e rs ta n d in g  t h a t  
i t  i s  o n ly  io n ic  a c t i v i t y  p ro d u c ts  o r  r a t i o s  w hich have any 
p h y s ic a l  s i g n i f i c a n c e .  In  t h i s  work th e  a c t i v i t y  o f  th e  brom ine 
io n  ( r e f e r r e d  to  as a ^ y  ) has b een  o b ta in e d  ( f o r  £Br s o lu t io n s )  
from  th e  mean a c t i v i t y  o f  EBr in  aqueous s o lu t io n s  by th e  
a ssu m p tio n  t h a t  ag^/ « a^^
The m easurem ent o f  th e  a c t i v i t i e s  o f  io n s  in  soap  s o lu t io n s  
has alw ays in v o lv e d  a l i q u i d  ju n c t io n  p o t e n t i a l  whose v a lu e  i s  
d o u b tfu l  b u t  i s  assumed to  be e l im in a te d  by  means o f  a  s u i t a b l e  
s a l t  b r id g e .  I t  i s  f o r  t h i s  re a s o n  t h a t  th e  te rm  'ap p ro x im a te  
a c t i v i t y  c o e f f ic ie n t*  i s  u sed  h e r e .  There h av e , n o n e th e le s s ,  been  
a  number o f  in v e s t ig a t io n s  whose v a lu e  c h i e f ly  r e s id e s  i n  e s ta b ­
l i s h in g  changes i n  a c t i v i t y  c o e f f i c i e n t s  r a t h e r  th a n  in  a c c u r a te ly  
m easu rin g  t h e i r  v a lu e s .
L o tte rm o se r  and Puschel** m easured  th e  s i l v e r  io n  a c t i v i t y  
c o e f f i c i e n t s  o f s i l v e r  s a l t s  o f  some a lk y l  s u lp h u r ic  a c id s  and 
found  an  a b ru p t f a l l  a t  th e  same c o n c e n tr a t io n  a t  w hich th e  
c o n d u c t iv i ty  a ls o  f e l l .  The s i l v e r  io n  a c t i v i t y  reach ed  a
minimum in  ap p ro x im a te ly  th e  same r e g io n  as  th e  c o n d u c t iv i ty .
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McBain and W illiam s d e te rm in ed  hydrogen  io n  a c t i v i t i e s  in
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aqueous s o lu t io n s  o f c e t y l  su lp h o n ic  a c id  a t  90*C. The
a c t i v i t y  rem ained  h ig h  even  above th e  c o n c e n t r a t io n  re g a rd e d
l o t
a s  th e  CMC. McBain and B etz  , i n  s im i l a r  w ork , found t h a t  
th e  hydrogen  io n  a c t i v i t y  in  s o lu t io n s  o f  o th e r  p a r a f f i n  c h a in  
su lp h o n ic  a c id s ,  f e l l_ a lo n g  w ith  th e  c o n d u c t iv i ty ,  b u t  an  a b ru p t 
change was n o t o b se rv e d .
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C a r r ,  Jo h n so n  and E o l th o f f  have m easured c a t io n  a c t i v i t i e s  
i n  s o lu t io n s  o f  sodium c a p r a te ,  l a u r a t e ,  o le a te  and r o s in a t e  and 
p o ta ss iu m  l a u r a t e  and m y r i s t a t e ,  by means o f  c o l lo d io n  membrane 
e l e c t r o d e s .  A s u i t a b le  c o l lo d io n  e le c t r o d e  behaves tow ards 
c a t io n s  i n  much th e  same way as  th e  g la s s  e le c t ro d e  b ehaves 
to w ard s hydrogen  io n s ,  b u t  i t  i s  n o t  s p e c i f i c  f o r  one io n  and 
can  th u s  o n ly  be used  to  d e te rm in e  a c t i v i t i e s  when o n ly  one 
s im p le  s a l t  i s  p r e s e n t .  T h e ir  r e s u l t s  a r e  shown in  f i g . 2 ? .
The a c t i v i t y  c o e f f i c i e n t  b e g in s  to  d e c re a s e  a t  a  c o n c e n tr a t io n  
w hich c o in c id e s  w ith  th e  CMC. a n d , a t  h ig h e r  c o n c e n t r a t io n s ,  i t  
ap p e a rs  to  ap p ro ac h  a  l im i t in g  v a lu e .  The CMC o f some o f  th e  
lo n g e r  c h a in  s a l t s  i s  to o  low to  be  d e te c te d  by t h i s  method#
The a c t i v i t y  o f  th e  sodium  io n  i n  sodium l a u r a t e  s o lu t io n s  i s  
p r a c t i c a l l y  th e  same as th e  a c t i v i t y  o f  th e  p o ta ss iu m  io n  i n  p o t .  
l a u r a te  s o lu t io n s  o f  th e  same c o n c e n t r a t io n .  I n  d is c u s s in g  t h i s
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work l a t e r ,  K o lth o f f  and Johnson  p o in t  o u t t h a t  * 'the sm a ll
F ig . 21
Cation  a c t iv it y  c o e f f ic ie n t s  
IN VARIOUS Soap solutions 
[ from CARR, J ohnson and kolthoff»
J-PH Y S. +COLLOID CHFM., 5 1 ,6 3 6  ( I 9 4 l ) j  
-A — N a CAPRATE - 0 “  K LAURATE
- • — No, Rosinate - o -  No, laurate 
- X -  K myristate - o - N q, oleate
p. u  0 6
04- 0 6  ' \ Z  16
Co n c e n t r a t io n  m o l s / l i t r e
C.M.C. OF Pot, laurate- kno3 Solutions  
[from Kolthoff ano J oh n so n , - ,
J. PHYS.T COLLOID CHEM , S2,Z 2 ( l9 4 8 ^
— O— No. KNO  ^
- O -  O IM KNO^  
—• — 0 -5M KNO3
0 1 2  -
-  Lo g  c
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a c t i v i t y  c o e f f i c i e n t s  o f  th e  sodium  io n s  i n  s o lu t io n s  o f  
m ic e l l i s e d  sodium s a l t s  o f  d e t e r g e n t s ,a r e  n o t caused  by th e  
fo rm a tio n  o f  'u n d i s s o c ia t e d ' s a l t ,  b u t by th e  f a c t s  t h a t  th e  
n e g a tiv e  ch a rg es  in  th e  m ic e lle  a re  v e ry  c lo s e  to g e th e r  and 
t h a t  th e s e  ch a rg es  a re  in  f ix e d  p o s i t i o n s " • K o lth o f f  and
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Johnson  u sed  th e  c e l l .
Ag|Ag l a u r a t e ( s )  K l a u r a t e ,  KNO,11KCl (sa tu ra te d )^ E g g C lg j Eg 
to  m easure th e  a n io n  a c t i v i t y  i n  s o lu t io n s  o f  p o ta ss iu m  la u r a te  
a t  30*C. T h e ir  r e s u l t s  a r e  a l s o  shown in  f i g . 27* The CMC i s  
c l e a r l y  shown as  an  a b ru p t b re a k  in  th e  e m f-c o n c e n tra tio n  cu rv e  
and i t  d e c re a se s  w ith  in c r e a s in g  am ounts o f  p o ta ss iu m  n i t r a t e .  
The a c t i v i t y  o f  th e  l a u r a te  io n  becomes p r a c t i c a l l y  c o n s ta n t  
once th e  CMC has been  re a c h e d , show ing t h a t  l a u r a te  w hich  i s  
u n m ic e l l is e d  below  th e  CMC does n o t m ic e l l i s e  above th e  CMC.
I t  was b e l ie v e d  t h a t  th e  l i q u i d  ju n c t io n  p o t e n t i a l  d id  n o t 
obscure  th e  c o n c lu s io n s  w hich w ere drawn from  th e  r e s u l t s .
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E x p é r im e n ta l.SBS±SBSSS = SS = S
P re p a r a t io n  o f  th e  E le c t r o d e s .
(1 )  Therm al Ag-AgBr e l e c t r o d e s .
S i l v e r  o x id e  was p re p a re d  by ad d in g  th e  n e c e s s a ry  amount 
o f  c a u s t i c  soda  to  s i l v e r  n i t r a t e  s o lu t io n  and w ashing th e  
r e s u l t i n g  p r e c i p i t a t e  th o ro u g h ly . S i lv e r  brom ate was p re p a re d  
in  a  s im i l a r  way from  p o ta ss iu m  brom ate and s i l v e r  n i t r a t e .
A m ix tu re  o f  90^ s i l v e r  ox ide  and 10^ s i l v e r  brom ate was th e n  
made in  a  p a s te  w ith  w a te r  and c o a te d  o n to  a p la tin u m  w ire  
s p i r a l  w hich had b een  s e a le d  in to  low m e ltin g  py rex  g l a s s .
The p a s te  was decomposed i n  a  fu rn a c e  a t  600*C f o r  10 m in u te s . 
When n o t in  u se  th e  e le c t ro d e s  were k e p t in  .OlMKBr. T h is i s
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th e  method o f  K eston  •
(2 )  E l e c t r o l y t i c  Ag-AgBr e l e c t r o d e s .
P la tin u m  gauze 0 .3  cm. x 1 .0  cm was w elded to  p la tin u m  w ire  
and th e n  s e a le d  in to  soda  g la s s  tu b in g .  A f te r  th e s e  p la tin u m  
b ase s  had been  c le a n e d  by h e a t in g  to  b r ig h tn e s s  i n  a  flam e and 
th e n  im m ersing them  in  b o i l i n g  c o n c e n tra te d  n i t r i c  a c id ,  th e y  
were e l e c t r o p l a t e d  w ith  s i l v e r  a t  a  c u r r e n t  o f  4 ^  p e r  e le c t ro d e  
f o r  24 h r .  The s i l v e r  p l a t i n g  b a th  was made up by  d is s o lv in g  
10 gm. r e c r y s t a l l i s e d  p o ta ss iu m  s i l v e r  cy an id e  in  a l i t r e  o f  
d i s t i l l e d  w a te r  and ad d in g  enough d i l u t e  s i l v e r  n i t r a t e  s o lu t io n  
to  p roduce a  f a i n t  c lo u d  o f  s i l v e r  c y a n id e . When t h i s  had 
s e t t l e d ,  th e  b a th  was read y  f o r  u s e .
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A f te r  e l e c t r o p la t in g ^ th e  e le c t r o d e s  were washed f o r
10 days in  f re q u e n t  changes o f  d i s t i l l e d  w a te r  to  remove
ad so rb ed  c o n ta m in a tio n s . F in a l l y  th e y  w ere b ro m id ise d
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e l e c t r o l y t i c a l l y  in  HHBr a t  4niA p e r  e le c t r o d e  f o r  one h o u r.
A p p a ra tu s .
Two ca lom el h a l f  c e l l s ,  p re p a re d  by s ta n d a rd  m e th o d s ,,
were u se d . T h e ir  p o t e n t i a l s  d i f f e r e d  by 0 .1  mv. The Ag-AgBr
e le c t ro d e  was co n n ec ted  to  th e  c a lo m e l h a l f - c e l l  by means o f  a  
s a tu r a te d  s o lu t io n  o f  KCl as shown in  f i g , 28 . The Ag-AgBr 
e le c t ro d e  and th e  ca lo m el h a l f  c e l l  were b o th  immersed in  a 
w a te r  th e rm o s ta t  a t  ( 2 5 i * l ) * C  w h ile  th e  s a l t  b r id g e  was k e p t 
o u ts id e .  The emf o f th e  c e l l  was o b ta in e d  by means o f  a 
T in s le y  P o te n tio m e te r  s ta n d a rd is e d  from  a  W eston C e l l ,  A 
Cambridge ' s p o t '  g a lv an o m ete r was found  to  be s u f f i c i e n t l y  







El e c t r o d e
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R e s u l t s ,
The Therm al Ag-AgBr E le c t r o d e s #
Some d i f f i c u l t y  was en c o u n te red  in  p r e p a r in g  e le c t ro d e s  
g iv in g  th e  same emf in  KBr s o lu t io n s #  However e v e n tu a l ly  th r e e  
e le c t ro d e s  w ere p re p a re d  w hich  gave v a lu e s  a g re e in g  to  jh 0#2mv 
i n «01, #02 and #04M KBr# The av e rag e  v a lu e s  w ere #0487, #0638 
and #0817V r e s p e c t iv e ly  f o r  th e  emf o f th e  c e l l#
The e le c t ro d e s  were th e n  p u t in to  d i f f e r e n t  CTAB s o lu t io n s  
and th e  emf re a d in g s  ta k e n  ( e q u i l ib r iu m  ta k in g  ab o u t 6 h r# )#
A f te r  w ashing  in  d i s t i l l e d  w a te r ,  th e  th r e e  e le c t r o d e s  were 
p la c e d  i n  #02M KBr. The e m f 's  were .0 7 0 6 , #0714 and #0739v 
a f t e r  e q u i l ib r iu m . C le a r ly  th e  e l e c t r o d e s  had been  a f f e c te d
by th e  tre a tm e n t w ith  CTAB. They were washed in  a c e to n e  b u t  
th e  emf re a d in g s  rem ained a t  .0 7 0 6 , .0714 and .0739v on r e tu r n in g  
th e  e le c t r o d e s  to  .02M KBr. I t  was su sp e c te d  th e r e fo r e  t h a t
th e  CTA* had been  chem isorbed  by th e  e le c t ro d e s  an d , s in c e  a 
d i l u t e  s o lu t io n  o f  a lc o h o l ic  p o ta s h  was known to  remove CTA* 
chem isorbed  on g l a s s ,  th e  e le c t r o d e s  were t r e a t e d  w ith  su ch  a 
s o lu t io n  f o r  abou t te n  m inu tes fo llo w ed  by w ashing  in  d i s t i l l e d  
w a te r  f o r  h a l f  an  h o u r. On rep lacem en t in  .02M KBr, th e  emf 
was .0665v ±  .2mv w hich , a l th o u g h  O.gmv h ig h e r  th a n  f o r  f r e s h  
e l e c t r o d e s ,  n e v e r th e le s s  showed t h a t  most o f  th e  adso rb ed  CTA* 
had b een  rem oved.
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An exam ple o f  th e  b e h a v io u r  o f  two o f  th e s e  e le c t r o d e s  on 
i d e n t i c a l  tre a tm e n t i s  shown below ,
l )  a lc o h o l ic  #06621 
e le c t r o d e  ^ |  .0 664  |  -  - -  -
washed #0396 1 washed #0416
 ►- >-------------
w ith  w a te r  . 0344j  with w ater. 03 66
in  #02M in  #027M in  #0135M
CTAB CTABKBr
The drop  in  th e  emf on ch an g in g  from  #0270M CTAB to  #0133M 
CTAB i s  ap p ro x im a te ly  th e  same f o r  b o th  e l e c t r o d e s  i .e #  #0179v 
a l th o u g h  th e  a b s o lu te  v a lu e s  o f  th e  e m f 's  a r e  v e ry  d i f f e r e n t#
T hus, w h ile  th e s e  e le c t ro d e s  g iv e  d i f f e r e n t  e m f 's  in  th e  same 
CTAB s o lu t io n s ,  th e y  ap p ea r to  re sp o n d  to  changes i n  th e  
c o n c e n tr a t io n  o f  CTAB; in  a p p ro x im a te ly  th e  same way i#e#  th e y  
m ight be u sed  to  m easure changes in  B r a c t i v i t y  in  CTAB s o lu t io n s ,  
b u t  n o t to  m easure th e  a b s o lu te  v a lu e  o f th e  B r a c t iv i ty #
The u n r e l i a b i l i t y  of th e  th e rm a l e le c t r o d e  in  CTAB s o lu t io n s  
i s  f u r t h e r  shown by o c c a s io n a l random f l u c t u a t i o n s  in  p o t e n t i a l  
(a s  much as  0#3nnr) o v e r a  p e r io d  o f  some hours#  T h is  ty p e  o f 
e le c t ro d e  i s  th u s  c o n s id e re d  n o t s u i t a b l e  f o r  work in  CTAB 
s o lu t io n s #
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The E l e c t r o l y t i c  Ag-AgBr E le c t r o d e .
T h is  ty p e  o f  e le c t ro d e  was found  to  he e a s i e r  to  rep ro d u ce  
th a n  th e  th e rm a l e l e c t r o d e .  F u rth e rm o re  CTAB has no perm anent 
e f f e c t  on th e  e l e c t r o d e  i . e .  i t  ap p e a rs  to  he p e r f e c t l y  r e v e r s ib l e  
in  a l l  c o n c e n tr a t io n s  o f  CTAB.
The av e rag e  e m f's  o f  f o u r  e le c t r o d e s  a t  v a r io u s  c o n c e n tra ­
t io n s  o f  KBr a re  shown i n  T ab le  17 . The mean a c t i v i t y
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c o e f f i c i e n t s  o f  KBr a re  u sed  to  c a lc u l a t e  th e  a c t i v i t y  o f  th e  
Br^ a t  each  c o n c e n tra t io n #  S in ce  th e  s o lu t io n s  a re  d i l u t e  and 
g r e a t  ac cu ra c y  i s  n o t r e q u i r e d ,  th e  m o la r i ty  and th e  m o la l i ty  
have b een  assum ed e q u a l .
TABIE 17.
emf (e )  
V o lts  
0 .1  m?
M o la rity  
o f  KBr
8B r' a s r ' - lo g  aBr'
.0657 .0 2 .8 7 .0174 1 .7 6 0
.0492 .0 1 .9 0 .0090 2 .045
.0325 .0 0 5 .9 3 .00464 2 .3 3 4
.0100 .002 .9 5 .00190 2 .7 2 1
—. 0069 .001 .97 .00097 3 .015
The emf i s  p lo t t e d  a g a in s t  th e  - lo g  a s r ' i n  f i g # 29* The 
e q u a tio n  o f t h i s  s t r a i g h t  l i n e  i s
FIG. 2 9
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— Log
es
e = 0 .168  + .05784  lo g  &Br   ( l )
S in ce  th e  c e l l  i s
B gjaggC lg , K C l(s ) ||K C l(8 ) |[K B r(m ), AgBrjlfe
RT
th e n  e -  e ç a io n e l  ^  + ü ÿ  %= »Br
o r  a t  25*C e -  (e ca io m e l “  ®*Ag) + *05914 lo g  a g r
The p o t e n t i a l  o f th e  ca lo m el h a l f  c e l l  is + .2 4 2 2 , w h ile
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t h a t  o f  th e  s ta n d a rd  Ag-AgBr e le c t ro d e  i s  +.0715*
Thus e » 0 .171  + .05914  lo g  agp    (2 )
The d i f f e r e n c e  in  th e  emf*s c a lc u la te d  from  e q u a tio n s  ( l )
and ( 2 ) i s  ab o u t 1 mv f o r  a  .02M KBr s o lu t io n *  T h is  d is c re p a n c y  
i s  due, p e rh a p s , to  th e  e x is te n c e  o f  a  l i q u i d  ju n c t io n  p o t e n t i a l  
w h ich  may be a p p ro x im a te ly  c a lc u la te d  f o r  th e  boundary  betw een 
KBr and s a tu r a te d  KCl from  th e  e q u a t io n .
.  / I
where E j i s  th e  ju n c t io n  p o t e n t i a l
t i  i s  th e  t r a n s p o r t  number o f  th e  1 th  io n .
Z± i s  th e  v a le n c y  o f th e  i t h  io n  
a i  i s  th e  a c t i v i t y  o f  th e  i t h  io n  
and the  n u m e ric a l s u b s c r ip t s  r e f e r  to  th e  s o lu t io n s .
T h is  g iv e s  E j  -  -  M  I ( t g  -  t g i )  I n  + ( t g  -  I n  a g g ,  j
f o r  t h i s  b o u n d ary .
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I n s e r t i o n  o f  a p p ro p r ia te  n u m e ric a l v a lu e s  in  t h i s  e q u a tio n
g iv e s
E j » -(*0005  + #002 lo g  agy  ) . . . . . ..................( 3 )
I t  th e r e f o r e  seems t h a t  th e  c o n s ta n t  te rm  i n  e q u a tio n  ( l )  
i s  somewhat low er by ab o u t 2 mv th a n  a n t i c i p a t e d  on th e  b a s i s  o f  
e q u a tio n  ( ) ) .  T h is  may be due to  some d e f e c t  in  th e  s ta n d a rd  
p o t e n t i a l  o f  th e  Ag-AgBr e le c t r o d e  and th e  c a lo m e l.
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The CMC o f  D odecyl T rim e th y l Ammonium Bromide (BTAB) and o f  
CTAB in  .002MKBr
The em f*8 o f  th e  c e l l  f o r  v a r io u s  c o n c e n tr a t io n s  o f  DTAB 
a re  p l o t t e d  a g a in s t  - lo g  i n  f ig * 5 0 . The change in  s lo p e
o f  th e  l i n e  a t  a  c o n c e n tr a t io n  o f . 0145M in d ic a t e s  a  sh a rp  
a l t e r a t i o n  in  th e  r a t e  a t  w hich  th e  a c t i v i t y  c o e f f i c i e n t  i s  chang. 
in g  w ith  r e s p e c t  to  th e  c o n c e n tr a t io n .  T h is  p resum ably  i s  th e  
CMC o f  BTAB and i t  a g re e s  w ith  th e  v a lu e  o f  •O I4M found by
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T a r t a r  and by C o rr in  and H a rk in s . The emf o f  th e  c e l l  may 
be p lo t t e d  a g a in s t  - lo g  a^r^ , f o r  c o n c e n tr a t io n s  below  th e  CMC 
i f  i t  i s  assum ed th a t  th e  a c t i v i t y  c o e f f i c i e n t  o f  th e  B r ' i s  
th e  same in  BTAB as  i n  £B r. The s t r a i g h t  l i n e  so  o b ta in e d  
e x a c t ly  obeys e q u a tio n  ( l )  i n d ic a t in g  t h a t  t h i s  assu m p tio n  i s  
c o r r e c t .
W hile i t  was n o t p o s s ib le  to  m easure th e  CMC o f  CT.AB 
a lo n e ,  b ecau se  o f  th e  h ig h  r e s i s t a n c e  o f th e  c e l l ,  th e  a d d i t io n  
o f  .002M KBr to  each  CTAB c o n c e n tr a t io n  gave a  m easu rab le  
p o t e n t i a l  and in  f ig .5 1  th e  emf i s  p l o t t e d  a g a in s t  -  lo g  CB%f. 
A lthough  th e  re a d in g s  a re  somewhat more s c a t t e r e d  th a n  f o r  BTAB 
b ecau se  o f  th e  s m a lle r  emf d i f f e r e n c e s  betw een  com parable 
c o n c e n t r a t io n s ,  i t  i s  c l e a r  t h a t  th e r e  i s ,  a g a in ,  an  a l t e r a t i o n
- 4
i n  th e  s lo p e  o f  th e  l i n e  a t  a  c o n c e n tr a t io n  o f  4*5 z  10 M.
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T h is  ap p ea rs  to  he a  re a s o n a b le  v a lu e  f o r  th e  CMC s in c e  in  a  
somewhat s im i la r  sy stem  (sodium  c h lo r id e  in  c e ty l  p y r id in iu m  
c h lo r id e )  H artley ^^  o b ta in s  ab o u t 5*5 % 10"^M as  th e  CMC 
d e te rm in ed  by th e  s o l u b i l i s a t i o n  o f  azobenzene»
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The A pproxim ate A c t iv i ty  C o e f f ic ie n t  o f  Br^ i n  DTAB and CTAB 
S o lu t io n s *
The em f*8 o f  th e  c e l l  a t  v a r io u s  c o n c e n tr a t io n s  o f  DTAB and 
CTAB were m easured and th e  a c t i v i t y  c o e f f i c i e n t  o f  th e  Br^ was 
d e te rm in ed  by means o f  th e  c a l i b r a t i o n  g ra p h  ( f i g . 29)# F ig .  )2  
shows th e s e  a c t i v i t y  c o e f f i c i e n t s  p lo t t e d  a g a in s t  th e  c o n c e n tra ­
t i o n  o f  th e  Br^ and a l s o ,  f o r  com p ariso n , th e  a c t i v i t y  c o e f f i c i ­
e n ts  f o r  KBr s o lu t io n s .
The a c t i v i t y  c o e f f i c i e n t  o f th e  Br^ i n  DTAB a p p e a rs  to  be 
d ro p p in g  more r a p id ly  th a n  th e  c o rre sp o n d in g  a c t i v i t y  c o e f f i c i e n t  
in  EBr b e fo re  th e  CMC i s  re a c h e d . T h is  g iv e s  some su p p o r t to  
th e  view  t h a t  th e  CMC i s  b e t t e r  re g a rd e d  a s  a  narrow  ran g e  o f 
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The E f f e c t  o f  Some O rganic S a l ta  on th e  A c t iv i ty  C o e f f ic ie n t  o f  
Br^ t o  CIAB.
In  p u rsu an ce  o f th e  m ain o b je c t  o f  t h i s  w ork , th e  e f f e c t  
o f  v a r io u s  s a l t s  -  o f  th e  ty p e  w hich  g iv e  v i s c o s i t y  e f f e c t s  
w ith  CTAB -  on th e  a c t i v i t y  c o e f f i c i e n t  o f  Br"' i n  CTA3 was 
i n v e s t ig a te d  by m easu rin g  th e  emf o f  th e  c e l l  w i th  a p p r o p r ia te  
c o n c e n tr a t io n s  o f  th e  a d d i t iv e  in  a  f ix e d  amount o f CTAB ( .0 1 )$ M ). 
By u se  o f  th e  c a l i b r a t i o n  g ra p h  ( f i g , 2 ) ) ,  th e  a c t i v i t y  c o e f f i c i e n t  
o f  th e  may be o b ta in e d  and t h i s  i s  p l o t t e d ,  in  f i g , ) ) ,  a g a in s t  
th e  c o n c e n tr a t io n  o f  th e  s a l t .  There a re  th r e e  m ain f e a tu r e s  in  
t h i s  g ra p h ,.
(1 )  E very  s a l t  in c re a s e s  th e  a c t i v i t y  c o e f f i c i e n t  o f  th e  B r ' ,  
T h is  i s  due to  th e  B r^ io n ,  h e ld  to  th e  CTA'*’ m ic e l le  by e l e c t r o ­
s t a t i c  a t t r a c t i o n ,  b e in g  r e p la c e d  to  some e x te n t  by th e  n e g a tiv e  
s a l t  io n .  T h is  i s  in  marked c o n t r a s t  to  th e  d e c re a se  in  th e  
a c t i v i t y  c o e f f i c i e n t  o f  Br"' i n  a  no rm al e l e c t r o l y t e ,  e ,g ,  EBr, 
on a d d i t io n  o f a  s im i l a r  s a l t  ( s e e  f i g , ) 6  l a t e r ) .
(2 )  There i s  a  f a i r l y  a b ru p t  change in  th e  s lo p e  o f  th e  g rap h s  
on a d d i t io n  o f  s u f f i c i e n t  a d d i t i v e .  T h is  i s  shown r a t h e r  more 
c l e a r l y  by f i g , ) 4  in  w hich th e  a c t i v i t y  c o e f f i c i e n t  i s  p lo t t e d  
a g a in s t  th e  lo g a r ith m  o f  th e  s a l t  c o n c e n tr a t io n .  The c o n c e n tra ­
t i o n  o f  th e  s a l t  a t  w hich  th e  'b re a k *  o cc u rs  l i e s  n e a r  th e  
c o n c e n tr a t io n  o f th e  CTA^ i t s e l f .  F u rth e rm o re  th e  a b ru p tn e s s
o f  th e  change in c re a s e s  in  th e  o rd e r  NaNO^, Na p -h y d ro x y b e n so a te ,
P i G . 3 3  •
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ira o j-n itro b e n z o a te , M'a ^ -z i i t ro b e n z o a te , Ka b e n z o a te , Fa 
b e n z o a te , Fa s a l i c y l a t e .  There i s  a ls o  some in d ic a t io n  t h a t  
th e  c o n c e n tr a t io n  o f a d d i t iv e  a t  th e  ’b r e a k ' d e c re a se d  in  th e  
same o rd e r ,  a l th o u g h  n o t ev e ry  s a l t  obeys t h i s  i . e .  FaFOj o r  
Fa £ ;-ch lo ro b en zo a te  an d , in  any c a s e ,  th e  e f f e c t  i s  r a t h e r  sm all»  
( 3 ) J u s t  p r i o r  to  th e  ’break*  in  th e  c u rv e s , th e  tendency  o f 
e q u im o le c u la r  amounts o f  th e  s a l t s  to  in c re a s e  th e  a c t i v i t y  
c o e f f i c i e n t  o f th e  F r  d e c re a s e s  in  th e  o rd e r  g iv e n  above i»e$  
th e  s a l t s  in c re a s e  th e  a c t i v i t y  o f  th e  Br^ in  th e  same o rd e r  as  
th e y  in c re a s e  th e  v i s c o s i t y  o f th e  s o lu t io n »  T here i s ,  how ever, 
no q u a n t i t a t i v e  r e l a t i o n  betw een th e s e  e f f e c t s  a s  f ig s »  26 and 
35 , in  w hich  v i s c o s i t i e s  a t  25*0 in  No»2 and F o . l  Ostw ald 
v isc o m e te rs  r e s p e c t iv e ly  a re  p lo t t e d  a g a in s t  c o n c e n tr a t io n s ,  show. 
I t  i s  a l s o  w orth  n o tin g  t h a t  d i f f e r e n c e s  in  th e  a c t i v i t y  
c o e f f i c i e n t  can  be d e te c te d  long  b e fo re  th e  s o lu t io n s  show 
v i s c o s i t y  e f f e c t s .
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E f f e c t  o f  Na s a l i c y l a t e »  Ka ^ « n ltro b e n z o a te  and NaNO, on th e  
A c t iv i ty  C o e f f ic ie n t  o f  Br^ in  EBr.
F ig# )6  shows th e  e f f e c t  o f  a d d i t io n s  o f  ITa s a l i c y l a t e ,
Na jo -n itro h e n z o a te  and NaNQ  ^ on th e  a c t i v i t y  c o e f f i c i e n t  o f 
Br^ in  .008M EBr« The d e c re a se  in  th e  a c t i v i t y  c o e f f i c i e n t  o f  
th e  Br^ in  th e s e  s o lu t io n s  c o n t r a s t s  w ith  th e  in c re a s e  i n  th e  
a c t i v i t y  c o e f f i c i e n t  o f  Br^ in  CTAB s o lu t io n s  on a d d i t io n  o f  th e  
same s a l t s  ( f i g * ; ; ) .
FiG- 36.
E f f e c t  o f  S o m e . S o o i j m  S a l t s  oN t h e  Ac t i v i t y
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The E f f e c t  o f  KBr on ♦0135M CTAB S o lu t io n .
The em f'8  c o rre sp o n d in g  to  a  number o f  s o lu t io n s  c o n ta in in g  
d i f f e r e n t  am ounts o f  KBr in  a  c o n s ta n t  amount o f  CTAB (#01)5M ), 
a re  p lo t t e d  a g a in s t  •  lo g  Cgy^(w here C^r^ i s  th e  t o t a l  c o n c e n tra ­
t io n  o f B r ' p r e s e n t )  i n  f i g . 37*
I f  th e  CTAB behaved as  a  s im p le  e l e c t r o l y t e  a  s t r a i g h t  
l in e  would be a n t i c i p a t e d .  The s l i g h t  cu rv e  w hich i s  a c t u a l l y  
o b ta in e d  in d ic a t e s  t h a t  th e  r a t e  a t  w hich th e  a c t i v i t y  c o e f f i c i e n t  
of B r ' d e c re a s e s  (w ith  r e s p e c t  t o  c o n c e n tr a t io n )  in(CTAB + KBr) 
s o lu t io n s  i s  g r e a t e r  th a n  th e  r a t e  a t  w hich  th e  a c t i v i t y  
c o e f f i c i e n t  o f  B r '  d e c re a se s  i n  KBr s o lu t io n s  as  th e  c o n c e n t r a t io n  
of KBr i s  in c re a s e d  i . e .  th e  CTAB m ic e l le  ad so rb s  a  c e r t a i n  
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The V a l i d i ty  o f  th e  R e s u l t s *
The th e rm a l Ag-AgBr e le c t ro d e  a p p e a rs  to  ad so rb  CTA^ and
th e  a d s o rp t io n  a f f e c t s  th e  r e v e r s i b i l i t y  o f  th e  e le c tro d e #
W hile th e  e l e c t r o l y t i c  Ag-AgBr e le c t r o d e  does n o t a d so rb  CTA^
i r r e v e r s i b l y ,  i t  i s  p o s s ib le ,  a l th o u g h  n o t p a r t i c u l a r l y  l i k e l y ,
t h a t  i t  m ight ad so rb  th e  CTA^ r e v e r s  lb  ly  i*e#  a m p h ip a th ic a lly #
W hile th e  a c t i v i t y  c o e f f i c i e n t  o f  th e  B r ' i n  CTAB ( i n  th e
p re se n c e  o f  #002M EBr) has been  m easured below  th e  CMC o f  th e
CTAB, th e  r e s u l t s  a re  r a t h e r  u n r e l i a b le  owing to  th e  sm a ll
v a lu e  o f  t h i s  CMC* I t  h a s , how ever, been  e s ta b l i s h e d  t h a t
DTAB b ehaves e x a c t ly  as  does KBr below  i t s  CMC and s in c e  th e
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a d s o rp t io n  work o f  C o r r in , H ark in s  ^  a l . shows th a t  a  s u r fa c e  
a c t iv e  a g e n t a d so rb s  a m p h ip a th ic a lly  below  i t s  CMC, i t  seems 
t h a t ,  i f  th e  DTAB i s  a m p h ip a th ic a lly  ad so rb ed  on th e  e l e c t r o d e ,  
th e  a d s o rp t io n  does n o t a f f e c t  th e  e l e c t r o d e  p o te n t ia l*  We can  
th u s  be f a i r l y  c e r t a i n  t h a t  th e  e le c t ro d e  i s  re sp o n d in g  o n ly  to  
changes i n  th e  b u lk  o f th e  s o lu t io n  and n o t to  ch an g es , i f  an y , 
i n  th e  s u r fa c e  la y e r  o f  th e  e le c t ro d e *
The more s e r io u s  c r i t i c i s m  o f  th e r e  b e in g  a  l i q u i d  ju n c t io n  
p o t e n t i a l ,  la rg e  enough to  a f f e c t  th e  r e s u l t s ,  canno t s t r i c t l y  
be r e f u te d  by th e  e x p e rim e n ta l r e s u l t s  o b ta in ed *  W here, how ever, 
com parison  i s  p o s s ib le  w ith  o th e r  w ork , a s ,  f o r  in s t a n c e ,  th e
98
a c t i v i t y  c o e f f i c i e n t  o f B r ' i n  CTAB s o lu t io n s  com pared w ith
1 02
th e  a c t i v i t y  c o e f f i c i e n t  o f  sodium  in  sodium  o le a te  , th e r e  i s
g e n e ra l  ag reem en t i n  th e  way th e  c o e f f i c i e n t  v a r i e s  w ith  
c o n c e n tr a t io n  e tc *
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The A c t iv i ty  C o e f f ic ie n t  o f  B r ' in  CTAB-salt S o lu t io n s .
The e f f e c t  o f  c e r t a i n  s u b s t i t u t e d  b en z o a te  s a l t s  on th e  
a c t i v i t y  c o e f f i c i e n t  o f B r ' i n  CTAB s o lu t io n s  i s ,  as has been  
p o in te d  o u t on page 94 , r e l a t e d  to  th e  e f f e c t  o f th e  same s a l t s  
on th e  v i s c o s i t y  o f CTAB s o lu t io n s *  I t  i s  th e r e f o r e  a p p r o p r ia te  
t o  in q u ir e  w h e th e r th e  f i r s t  e f f e c t  ( r e f e r r e d  to ^ f o r  co n v e n ien c e , 
a s  th e  ' a c t i v i t y  e f f e c t ' )  th row s any l i g h t  on th e  second  e f f e c t  
( th e  'v i s c o s i t y  e f f e c t ' )  o r  v ic e -v e r s a *
The a b ru p t change in  th e  r a t e  a t  w h ich  th e  a c t i v i t y  c o e f f i c ­
i e n t  o f  th e  B r ' io n  i s  a l t e r i n g  w ith  r e s p e c t  to  c o n c e n tr a t io n  o f  
s a l t  ( f ig *  54 ) i ï i  a  r e g io n  n e a r  to  th e  c o n c e n tr a t io n  o f  th e  CTA* 
i t s e l f ,  i s  a  c l e a r  in d ic a t io n  o f  a  c lo s e  a s s o c i a t i o n  betw een  th e  
n e g a t iv e  b e n z o a te - ty p e  io n  and th e  p o s i t i v e  CTA** The more 
a b ru p t th e  change and th e  c l o s e r  i t  l i e s  to  th e  c o n c e n tr a t io n  o f  
th e  CTA^, th e n  th e  c lo s e r  sh o u ld  be th e  a s s o c ia t io n  b e tw een  th e  
CTA^ and th e  b e n z o a te - ty p e  ion* W hile t h i s  co u ld  in d ic a t e  e i t h e r  
in c o r p o r a t io n  o f th e  b e n z o a te - ty p e  io n  in to  th e  p a l i s a d e  l a y e r  o f  
th e  m ic e l le  o r  s t r o n g  e x te r n a l  a tta c h m e n t t o  th e  GTA^ on th e  
s u r f a c e  o f th e  m ic e l le ,  i t  i s  th e  fo rm e r  v iew  w hich  w i l l  be
ad o p ted  su b se q u e n tly  ( p a r t i c u l a r l y  f o r  s a l i c y l a t e  and £ ;-c h lo ro -
. ?7
b e n z o a te )  as b o th  v i s c o s i t y  work and a d s o rp t io n  work
( P a r t  I )  have a l r e a d y  l n d i c a t e d . l t .  I t  i s  n o t su g g e s te d  t h a t  
2 -h y d ro z y h en z o a te  f o r  exam ple, w hich g iv e s  no v i s c o s i t y  e f f e c t .
I s  In c o rp o ra te d  in to  th e  m ic e l le .  I t  d o e s , how ever, seem from  
f i g . 2^ 4 t h a t  th e  p^-bydroxyhenzoate io n  i s  more s t r o n g ly  a t ta c h e d  
t o  th e  s u r fa c e  o f  th e  m ic e l le  th a n  th e  n i t r a t e  ion#
Once t h i s  " s o lu b i l is a t io n * * o f  th e  s a l i c y l a t e  o r  p - c h lo r o -  
b e n z o a te  i s  a c c e p te d , th e  e x p la n a t io n  o f th e  a c t i v i t y  e f f e c t  i s  as  
f o l lo w s .  Exam ining f i r s t  th e  system  #01)5M CTAB w ith  a d d i t io n s  
o f  sodium  s a l i c y l a t e ,  i t  can  be se e n  from  f ig *  3^ th a t  a t  a  
c o n c e n t r a t io n  o f s a l i c y l a t e  o f  *0G2M (p e rh a p s  even  l e s s )  th e  
e f f e c t  o f  t h i s  a d d i t iv e  i n  in c r e a s in g  th e  a c t i v i t y  c o e f f i c i e n t  
i s  d i s t i n c t l y  g r e a t e r  th a n  t h a t  o f  th e  o th e r s  e .g *  n i t r a t e  o r  
p -h y d ro x y b e n z o a te • T h is in d ic a te s  t h a t  th e  s a l i c y l a t e  io n  i s  
a l r e a d y  more p o w e rfu lly  s o lu b i l i s e d  th a n  th e  o th e r  a d d i t i v e s ,  
pjpesumably b ecau se  o f  th e  p e c u l i a r  i n t e r a c t i o n  w hich i t  seems to
+ 77be n e c e s s a ry  to  assume o p e ra te s  in  th e  OTA - s a l i c y l a t e  m ic e l le  • 
Bow s in c e  th e  'b reak *  in  f ig *  34 f o r  s a l i c y l a t e  o cc u rs  a t  ab o u t 
*OI3OM i . e .  c lo s e  to  th e  c o n c e n tr a t io n  o f CTA^ p r e s e n t ,  i t  may be 
assum ed t h a t  below  t h i s  c o n c e n t r a t io n ,  v i r t u a l l y  a l l  th e  s a l i ­
c y l a te  i s  s o lu b i l i s e d  in to  th e  m ic e l le .  Thus a t  th e  c o n c e n tr a t io n  
of*002M where where i s  o n ly  s a l i c y l a t e  io n  to  ab o u t sev en  CTA^ 
io n s ,  th e  i n t e r a c t i o n  w hich  seems to  be r e s p o n s ib le  f o r  th e
fo rm a tio n  o f  enormous CTA^- s a l i c y l a t e  a g g re g a te s ,  i s  a l r e a d y  
o p e r a t in g .  The im portance  o f t h i s  i s  t h a t  i t  seems to  in d ic a te
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t h a t  t h i s  i n t e r a c t i o n  i s ,  a t  l e a s t  p a r t l y ,  betw een  th e  CTA^ and  
th e  s a l i c y l a t e .  T h is  ten d s  to  d i s c r e d i t  any  th e o ry  w hich  
su g g e s ts  t h a t  th e  s t a b i l i t y  o f  th e  CTA^- s a l i c y l a t e  m ic e l le  
i s  due to  hydrogen bonds betw een  s a l i c y l a t e  io n s .
Once th e  amount o f s a l i c y l a t e  has re a c h e d  a p p ro x im a te ly  th e  
c o n c e n tr a t io n  o f  CTA^, th e  a c t i v i t y  c o e f f i c i e n t  o f  th e  B r ' i s  
ab o u t 0 .8 2 . S in ce  th e  a c t i v i t y  c o e f f i c i e n t  o f th e  B r^  i n  *01)5M 
BaBr i s  ab o u t 0 .89# i t  would seem t h a t  th e  CTA*^  -  s a l i c y l a t e  
com plex behaves somewhat l i k e  a  w eakly  d i s s o c ia t e d  s a l t .  As th e  
c o n c e n tr a t io n  o f  th e  s a l i c y l a t e  i s  f u r t h e r  in c re a s e d  to  #045M, th e  
a c t i v i t y  c o e f f i c i e n t  o f  th e  Br^ d ro p s from  0 .8 2  to  o n ly  0 .8 1 , 
w h ile  f o r  a  s im i l a r  a d d i t io n  o f  sodium  s a l i c y l a t e  to  BaBr i t  would 
be e x p e c te d  to  d rop  from 0 .8 9  to  0 ,8 3 . T h is  phenomenon w i l l  be 
d is c u s s e d  a t  g r e a t e r  le n g th  i n  th e  c a se  o f  p -c h lo ro b e n z o a te  i n  
CTAB w hich w i l l  be d is c u s se d  n e x t .
Sodium p -c h lo ro b e n z o a te  b ehaves somewhat s im i l a r ly  t o  
sodium  s a l i c y l a t e  a t  c o n c e n tra t io n s  up to  ab o u t .OIGM. T h ere ­
a f t e r  th e  m ost s i g n i f i c a n t  d i f f e r e n c e  i s  t h a t  th e  a c t i v i t y  
c o e f f i c i e n t  o f  th e  Br^ re a c h e s  a  r a t h e r  h ig h e r  v a lu e ,  0 .8 6  a t  a  
c o n c e n tr a t io n  o f  0 .033  M. Now th e  a c t i v i t y  c o e f f i c i e n t  o f  B r  ^
i n  .0135M NaBr p lu s  .0195M sodium  p -c h lo ro b e n z o a te  i . e .  ( .0 3 3 -  
. 0133 ) sh o u ld  be abou t 0 .8 $  w hich  means t h a t  a  n e g a tiv e  amount o f  
Br^ i s  a t ta c h e d  to  th e  CTA^ -  p -c h lo ro b e n z o a te  m ic e l le  -  an 
im p o s s ib i l i ty .
The h ig h  a c t i v i t y  c o e f f i c i e n t s  o f  B r i n  th e s e  CTAB -  
sodium  p -c h lo ro h e n z o a te  s o lu t io n s  (and  to  a  l e s s e r  e x te n t  CTAB 
sodium s a l i c y l a t e  s o lu t io n s )  may be e x p la in e d  by  two e f f e c t s .  
F i r s t  th e r e  m ust be a  c o n s id e ra b le  amount o f  p -c h lo ro b e n z o a te  
io n  a t ta c h e d  to  th e  s u r fa c e  o f  th e  CTA^ -  p -c h lo ro b e n z o a te  
m ic e l le ,  r e p re s e n te d  d ia g ra m m a tic a lly  th u s ,
Î Î ? Î
^ n n p p n
and seco n d , th e  CTA -  p -c h lo ro b e n z o a te  m ic e l le  may te n d  to  
behave as  a  n e u t r a l  c o l lo id  th u s .
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The f i r s t  o f  th e s e  p o s s i b i l i t i e s  m ight be ex p e c te d  to  
o c c u r  s in c e  i t  ap p ea rs  th a t  th e s e  b e n z o a te - ty p e  io n s  a r e  more 
s t r o n g ly  a t ta c h e d  to  th e  s u r fa c e  o f  CTA**" m ic e l le s  th a n  a re  th e
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io n s  o f  a  s im ple  e l e c t r o l y t e  e .g .  NaBr ( se e  p a g e lo o )» I f  an  
'id e a l*  m ic e l le  w ere fo rm ed , such  as  t h a t  shown, th e  f r e e  
p -c h lo ro b e n z o a te  would b e , f o r  th e  c o n c e n tr a t io n  c o n s id e re d  h e re ,  
o n ly  .006M ( i . e .  .033 -  2 x .0 1 3 5 ) . The a c t i v i t y  c o e f f i c i e n t  
o f  B r ' in  .0135M NaBr p lu s  .006M sodium p -c h lo ro b e n z o a te  would be
I ♦
abou t 0 .8 9 , so t h a t  a  c e r t a i n  amount o f  B r would be a t ta c h e d  to  
th e  s u r fa c e  o f  th e  CTA^- p -c h lo ro b e n z o a te  m ic e l l e ,  a  c o n d i t io n  
w hich would be e x p e c te d  in  su ch  a system  as i s  c o n s id e re d  h e re .
The second p o s s i b i l i t y  has been in tro d u c e d  h e re  b ecau se  i t  
g iv e s  r i s e  to  a  p o s s ib le  e x p la n a t io n  o f th e  c r o s s - l in k a g e s  w hich  
i t  would seem to  be n e c e s s a ry  to  assume e x i s t  i n  su ch  a  v i s c o -  
- e l a s t i c  s o lu t io n  as th a t  form ed betw een CTAB and sodium  p - c h lo r o -  
b e n z o a te . The model shown above i s  c l e a r l y  c a p ab le  o f  e x te n s io n  
in  th r e e  d im e n s io n s . The f i r s t  ty p e  o f m ic e l le  would n o t be 
ex p e c te d  to  g iv e  r i s e  to  v i s c o - e l a s t i c  s o lu t io n s  s in c e  th e  
d i f f u s e  la y e r  o f  io n s  on i t s  s u r fa c e  would p re v e n t any c o h e s io n  
betw een s e p a r a te  a g g re g a te s .
Some s u p p o r ts  f o r  t h i s  second  ty p e  o f  m ic e l le  a re
( l )  There i s  some rea so n  f o r  b e l ie v in g  th a t  th e  OTA* -  p -o h lo ro -  
b en z o a te  system  i s  more e l a s t i c  th a n  th e  CTA* -  s a l i c y l a t e  sy s tem . 
Thus th e  tim e o f  flow  o f  th e s e  p -c h lo ro b e n z o a te  -  CTAB s o lu t io n s  
th ro u g h  a v is c o m e te r  i s  v e ry  much g r e a t e r  th a n  th e  tim e o f  flow  
f o r  com parable s a l i c y l a t e  -  CTAB s o lu t io n s  ( f i g . 2 6 ) . A lthough
th e  r h e o lo g ic a l  p r o p e r t ie s  o f  th e s e  v i s c o - e l a s t i c  s o lu t io n s  a re
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ex tre m e ly  com plex, i t  i s  n o t a t  a l l  im probab le  t h a t  th e  tim e of  
flow  th ro u g h  a  v is c o m e te r  i s  c lo s e ly  co n n ec ted  w ith  th e  le n g th  
o f  th e  polym er c h a in s  and th e  amount o f  c r o s s - l in k i n g  in  th e s e  
s o lu t io n s ,  p a r t i c u l a r l y  a t  low r a t e s  o f  s h e a r .  F u rth e rm o re , 
th e  p -c h lo ro b e n z o a te  -  CTAB s o lu t io n s  g iv e  an im p re s s io n  o f  b e in g  
more e l a s t i c  th a n  s a l i c y l a t e  -  CTAB s o lu t io n s .  T hus, a f t e r  
b e in g  g e n t ly  d i s tu r b e d ,  a  p -ch lo robenzoate-C T A B  s o l u t i o n , . i n  
a h a l f  f u l l  100 c . c .  g ra d u a te d  f l a s k ,  w i l l  o s c i l l a t e  some 1$ 
tim es  w h ile  a com parable s a l i c y l a t e  -  CTAB s o lu t io n  w i l l  o n ly  
o s c i l l a t e  two o r th r e e  t im e s .
(2 )  The a c t i v i t y  o f th e  B r ' in  CTA* -  p -c h lo ro b e n z o a te  s o lu t io n s  
re a c h e s  i t s  maximum v a lu e  in  th e  r e g io n  o f th e  maximum in  th e  
tim e o f flow  th ro u g h  th e  v is c o m e te r .  T h is  i s  a l s o  t r u e  f o r  
s a l i c y l a t e  -  CTAB s o lu t io n s  in  th e  se n se  t h a t  a  maximum tim e o f  
flow  seems to  o ccu r a t  th e  a c tu a l  c o n c e n tr a t io n  o f  th e  CTA* 
i t s e l f  i . e .  . 0135M w h ile  t h i s  i s  a l s o  th e  c o n c e n tr a t io n  o f  
s a l i c y l a t e  j u s t  n e c e s s a ry  t o  r a i s e  th e  a c t i v i t y  c o e f f i c i e n t  o f  
th e  B r ' to  i t s  maximum v a lu e .  The maximum in  th e  a c t i v i t y  
c o e f f i c i e n t  m ight th u s  be a s c r ib e d  to  a lm o st n e u t r a l  c o l lo id  
b e in g  a t  i t s  l e a s t  io n is e d .
( 3 ) U n less a  c e r t a i n  amount o f  n e u t r a l  c o l lo id  i s  p o s tu la te d ,  
th e r e  w i l l  be la rg e  a re a s  o f  p o s i t iv e  and n e g a tiv e  ch an g es , 
m a c ro s c o p ic a lly  n e u t r a l ,  b u t m ic ro s c o p ic a l ly  c e n t r e s  f o r  th e  
a t t r a c t i o n  o f th e  ex cess  s a l t s  in  th e s e  v i s c o - e l a s t i c  s o lu t io n s .
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I t  i s  n o t ea sy  to  see  why th e s e  l o c a l i s e d  ch a rg es  sh o u ld  n o t 
a t t r a c t  c o n s id e ra b le  amounts o f  Br^ le a d in g  to  low er a o t i v i t y  
c o e f f i c i e n t s  th a n  a re  a c t u a l l y  o b se rv e d .
I t  i s  p ro b ab le  th a t  an e q u i l ib r iu m  e x i s t s  betw een  th e se  
two ty p e s  o f  m ic e l le s  (a n d p o s s ib ly  o th e r s )  in  v i s c o - e l a s t i c  
s o lu t io n s  o f  th e  ty p e  s tu d ie d  h e r e .
The o th e r  a d d i t iv e s  l i e  betw een  th e  j^ -ch lo ro b en z o a te  
and th e  s a l i c y l a t e  on th e  one hand | and the n i t r a te  on th e  o th e r ,  in  
t h e i r  a c t i v i t y  e f f e c t s  as in d e ed  th ey  do in  t h e i r  v i s c o s i t y  
e f f e c t s .  T h e ir  b e h a v io u r  may be d e s c r ib e d  by  a t t r i b u t i n g  two 
c h a r a c t e r i s t i c s  to  them nam ely , s t r o n g  a tta c h m en t to  th e  m ic e lle  
s u r f a c e  and in c o rp o r a t io n  in to  th e  p a l i s a d e  la y e r  o f  th e  m ic e l le .  
Such s a l t s  as  b e n z o a te , ^ - n i t r o b e n z o a te  and o -n itro b e n z o a te  
may be expected to  show b o th  th e s e  c h a r a c t e r i s t i c s ,  th e  0; - n i t r o -  
b e n zo a te  b e in g  in c o rp o ra te d  in to  th e  m ic e l le  to  a  l e s s e r  e x te n t  
th a n  th e  o th e r  tw o. The p -h y d ro x y b en zo a te  may be ex p e c te d  to  
o n ly  show s t r o n g  a tta c h m en t to  th e  m ic e l le  s u r f a c e .
PART I I I .
Some Y is c o -K la s t ic  P r o p e r t i e s  o f  CTAB -  Sodium S a l i c y l a t e  
and CTAB -  p -C h lo ro b en z o a te  S o lu t io n s  «
J.UO
IBTRQDUCTIOB
The c l a s s i c a l  tre a tm e n t o f  v i s c o - e l a s t i c i t y  d a te s  from
th e  tim e o f  Maxwell who d e s c r ib e d  a sim ple  ty p e  o f v i s c o - e l a s t i c
b e h a v io u r  by means o f th e  e q u a tio n
dS _ _ d a  S
d t  d t  t r
w here i s  a  component o f  s t r e s s ,  n i s  th e  c o e f f i c i e n t  o f
e l a s t i c i t y ,  a  i s  a  component o f  s t r a i n  and tp  i s  th e  r e l a x a t io n
tim e o f  th e  sy stem . A m ech an ica l model w h ich  obeys t h i s  e q u a tio n
i s  a  s p r in g  and d ash p o t co u p led  i n  s e r i e s  th u s
— w j i w -------------------t I
s p r in g  v is c o u s  e lem en t
th e  e l a s t i c  c o n s ta n t  o f th e  s p r in g  i s  n w h ile  th e  v i s c o s i t y  o f 
th e  v is c o u s  e lem en t i s  n tp .  The b e h a v io u r  o f  th e  v i s c o - e l a s t i c  
m a te r ia l  i s  th u s  d iv id e d  up in to  a  v is c o u s  and an e l a s t i c  elem ent, 
Most v i s c o - e l a s t i c  m a te r ia ls  do n o t obey t h i s  e q u a tio n  and in  
o rd e r  to  o b ta in  e q u a tio n s  w hich  do d e s c r ib e  t h e i r  m ech an ica l 
p r o p e r t i e s  i t  i s  n e c e s s a ry  to  u se  g e n e r a l i s e d  m odels c o n s i s t in g  
o f  numerous s p r in g  and d ash p o t system s co u p led  in  s e r i e s  o r  
p a r a l l e l .  The p r o p e r t ie s  o f  th e  g e n e ra l i s e d  M axwell m odel, i n  
w hich  th e  system s a re  a rra n g e d  in  p a r a l l e l ,  a re  d e s c r ib e d  by 
th e  e q u a tio n
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where S ( t r )  G,re p a r t i a l  s t r e s e e s  a s s o c ia te d  w ith  th e  r e l a x a t io n  
tim e t p  and n ( tp ) d tp  i s  th e  c o n t r ib u t io n  to  th e  modulus o f  th e  
Maxwell e lem en ts  whose r e l a x a t io n  tim e s  l i e  betw een  t p  and
( t p  + &tp)«
By use  o f  a r b i t r a r y  v a lu e s  o f n ( t p ) ,  th e  d i s t r i b u t i o n  o f
r e l a x a t io n  t im e s , i t  has been  p o s s ib le  to  d e s c r ib e  c e r t a i n  ty p e s
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o f  v i s c o - e l a s t i c  b e h a v io u r  . O ther m odels have b een  u sed
to  d e s c r ib e  sy stem s w hich show complex phenomena such  a s  c r e e p .
The g r e a t  d is a d v a n ta g e , how ever, i n  u s in g  th e s e  m odels to  d e s c r ib e
l i s
v i s c o - e l a s t i c  system s has b ee n  c l e a r l y  summed up by S c o t t - B l a i r  
-  " i t  does n o t fo llo w  th a t  b ec au se  a  com plex m a te r ia l  shows a  
s im p le  e x p o n e n tia l  b e h a v io u r , such  a s  would be p r e d ic te d  from  a 
m odel o f a  few s p r in g s  and v is c o u s  e le m e n ts , t h a t  such  a  m odel 
in  any way r e p r e s e n ts  i t s  s t r u c t u r e " .
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A ttem pts have been  made by  Lodge, T obolsky  and o th e r s  
to  ex ten d  th e  k in e t i c  th e o ry  o f  r u b b e r l ik e  e l a s t i c i t y  to  th e  more 
c o m p lic a te d  problem  o f v i s c o - e l a s t i c i t y .  A t r u e  ru b b e r  i s  
b e l ie v e d  to  c o n ta in  f l e x ib l e  l i n e a r  polym er c h a in s  l in k e d  to g e th e r  
by  ch em ica l c ro s s -b o n d s . W hile th e  c r o s s i in k a g e s  m ust be 
s u f f i c i e n t  t o  u n i t e  th e  po lym er c h a in s  in to  a  g ig a n t ic  n e tw o rk , 
th e y  must n o t  be so e x te n s iv e  t h a t  th e r e  a re  n o t a  s u f f i c i e n t
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number o f  f l e x i b l e  c h a in s  betw een th e  c r o s s - l in k s *  T obo lsky
th e n  c o n s id e r s  th e  v i s c o - e l a s t i c  l i q u i d  to  c o n s i s t  o f  a  netw ork
s t r u c t u r e  in  w hich  th e  c r o s s - l in k a g e s  a r e  c o n t in u a l ly  b re a k in g
and refo rm ing*
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F i l p e l  has shown t h a t  th e  m ech an ica l p r o p e r t i e s  o f  a  v i s c o ­
e l a s t i c  soap  s o lu t io n  (p o ta ss iu m  o l e a t e ,o l e y l  a lc o h o l ,  p o ta ss iu m  
c a rb o n a te ,  w a te r )  a re  s im i la r  to  th o s e  o f  p o ly m eth y l m e th a c ry la te  
d is s o lv e d  in  to lu e n e  and to  alum inium  l a u r a t e  in  p e t ro l*  He 
b e l ie v e s  t h a t  th e  m echan ica l p r o p e r t i e s  o f  su ch  s o lu t io n s  may 
e v e n tu a l ly  be e x p la in e d  in  te rm s o f th e  m o le c u la r  o r  m ic e l ia r
netw orks w hich  th e y  a re  g e n e ra l ly  b e l ie v e d  to  c o n s i s t  o f  and has 
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shown t h a t  when in d iv id u a l  soap  m o lecu le s  a g g re g a te  in to  
lo n g  th r e a d l ik e  m ic e l le s ,  th e r e  i s  a  d e c re a s e  i n  th e  f r e e  en erg y  
o f th e  system *
O ther work on th e  v i s c o - e l a s t i c  p r o p e r t i e s  o f  soap  s o lu t io n s
71 72 75
by H atsch ek  and Jane  , Andrade and Lewis , H a r t le y  , B ungenberg
74*75 65
de Jong and W insor has b een  n o te d  in  th e  g e n e ra l  in t r o d u c ­
tio n *
The a c tu a l  m easurem ent o f  th e  e l a s t i c  p r o p e r t i e s  o f  v i s c o ­
e l a s t i c  m a te r ia l s  g e n e ra l ly  in v o lv e s  th e  a p p l i c a t io n  o f  some
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k in d  o f  s in u s o id a l  s t r e s s *  Thus F re u n d lic h  and S e i f r i a  
suspended  a  sm a ll n ic k e l  p a r t i c l e  in  th e  m a te r ia l  b e in g  exam ined 
and d e f le c te d  i t  by means o f an  e le c tro m a g n e t ,  Bingham and
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R o b e rtso n  a p p l ie d  o s c i l l a t i n g  f o r c e s  to  th e  end o f  a  c a p i l l a r y
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tu b e  i n  w hich th e  l i q u i d  was c o n ta in e d  and F e r ry  s e t  up
v ib r a t i o n s  i n  a  g e l  by means o f a  v i b r a t i n g  g la s s  p l a t e .
A ty p e  o f  C o u e tte  v is c o m e te r  i s  a l s o  u sed  to  m easure e l a s t i c
p r o p e r t i e s ,  th e  o u te r  c y l in d e r  b e in g  cau sed  to  o s c i l l a t e  w h ile
th e  d e f l e c t i o n  o f th e  in n e r  one i s  re c o rd e d . Toms and 
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S tra w b rid g e  have u sed  su ch  an  in s tru m e n t to  in v e s t ig a te  th e
v i s c o - e l a s t i c  p r o p e r t i e s  o f  p o ly m e th y l m ethacry la te  i n  v a r io u s  
o rg a n ic  s o lv e n ts  e .g .  p y r id in e .  The v i s c o - e l a s t i c  e f f e c t  i s  
d iv id e d  in to  an  e l a s t i c  and a  v isd o u a  e f f e c t .  Two r e l a x a t i o n  
tim es  a re  u s e d , th e  f i r s t  a  s t r e s s  r e l a x a t io n  t im e , th e  second a 
r a t e  o f  s t r a i n  r e l a x a t io n  t im e . An a t te m p t i s  made to  r e l a t e  
th e  r e l a x a t i o n  tim e s  to  s o lu t io n s  whose p r o p e r t i e s  a re  a t t r i b u t e d  
to  th e  e v e r-c h a n g in g  'e n ta n g le m e n t -  c o h e s io n s ' o f  lo n g  c h a in  
m o le c u le s .
E x p e r im e n ta l .
Y i s c o - e l a e t i c  S o lu t io n s  in  ^  F re e ly  O s c i l l a t i n g  C y l in d e r . 
A p p ara tu s  ( F i g .38)
A g la s s  v e s s e l ,  c o n s is t in g  o f  two c y l in d e r s  o f  d i f f e r e n t  
d ia m e te rs  s e a le d  a t  one end, c o n ta in e d  th e  l i q u i d  to  be i n v e s t i ­
g a te d .  T h is  v e s s e l  had been  ta k e n  from  a  Dewar f l a s k  and i t s  
a n n u la r  gap made as un ifo rm  as p o s s ib le  by h e a t in g  i t s  s e a le d  
end u n t i l  th e  g la s s  was p l i a b l e .  The g la s s  v e s s e l  was c o n ta in e d  
in  a  b r a s s  b a s k e t  w hich had b een  suspended  by  means o f th r e e  
v e r t i c a l  th re a d s  from  a f ix e d  s u p p o r t .  The su p p o r t c o u ld  be 
m o m en ta rily  tw is te d  i n  o rd e r  to  s e t  th e  a p p a ra tu s  o s c i l l a t i n g *
A s e r i e s  o f  sev en  b r a s s  w e ig h ts ,  o f  th e  same w eig h t b u t d i f f e r e n t  
s h a p e s ,  co u ld  be screw ed in to  th e  b o tto m  o f  th e  b r a s s  b a s k e t 
to  a l t e r  th e  p e r io d  o f  i t s  o s c i l l a t i o n .  The o s c i l l a t i o n  o f  a  
s m a ll  s t e e l  b a l l ,  f ix e d  a t  th e  end o f  a  ro d  p r o je c t in g  from  th e  
b o tto m  o f  th e  b r a s s  b a s k e t ,  was re c o rd e d  by  means o f  a  cam era 
w ith  p h o to g ra p h ic  p ap e r  r o t a t i n g  on a  drum a t  c o n s ta n t  sp e e d .
P ro c ed u re
The g la s s  v e s s e l ,  f i l l e d  to  a  m ark w ith  th e  l i q u i d  u n d er 
e x a m in a tio n , was p la c e d  in  th e  b r a s s  b a s k e t .  On tw is t in g  th e  
s u p p o r t ,  o s c i l l a t i o n  began and th e  c o n s ta n t  speed  drum o f  th e  
cam era was s t a r t e d  a s  soon a f t e r  t h i s  a s  p o s s i b l e .  The s h u t t e r  
o f  th e  cam era was th e n  opened f o r  a m easured p e r io d  o f tim e
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depend ing  on how lo n g  th e  o s c i l l a t i o n s  were ta k in g  to  dampen 
to  a  sm a ll v a lu e .  T h is p ro ced u re  was r e p e a te d  w ith  th e  o th e r  
w e ig h ts .  The cam era was th e n  ta k e n  in to  a  d a rk  room and  th e  
p h o to g ra p h ic  r o l l  o f  p ap e r was rem oved, d e v e lo p e d , f ix e d ,  w ashed 
and  f i n a l l y  hung up to  d ry .
R e s u l t s .
Â t y p i c a l  t r a c e  i s  shown in  f i g # 38* S in ce  th e  tim e to  
o b ta in  t h i s  t r a c e  had been  m easured and th e  t o t a l  number o f  
o s c i l l a t i o n s  co u ld  be re a d  o f f  from  i t ^  th e  p e r io d  o f  th e  
o s c i l l a t i o n  co u ld  be found# F u rth e rm o re , i t  was fo u n d , f o r  
t h i s  ty p e  o f  t r a c e ,  t h a t  th e  lo g a r i th m  o f th e  am p litu d e  o f  th e  
o s c i l l a t i o n  a t  a  tim e ;t , a f t e r  th e  b e g in n in g  o f  th e  o b s e rv a t io n ,  
was p r o p o r t io n a l  to  I t  was th u s  p o s s ib le  to  o b ta in  two 
c o n s ta n ts ,  i # e .  th e  g ra d ie n t  o f  th e  lo g a r ith m  o f  th e  cunplitude 
p lo t t e d  a g a in s t  and th e  r e c i p r o c a l  o f  th e  p e r io d ,  f o r  each  
w e ig h t.
In  f i g . ) 9  th e s e  c o n s ta n ts  a re  p lo t t e d  a g a in s t  one a n o th e r ,  
f o r  d i f f e r e n t  w e ig h ts ,  f o r  th r e e  R ew tonian l iq u id s  o f d i f f e r e n t  
v i s c o s i t i e s  -  a c e to n e -c h lo ro fo rm , w a te r  and a n i l i n e  in  o rd e r  o f  
in c r e a s in g  v i s c o s i t y .  Three a p p a re n t ly  s t r a i g h t  l i n e s  a re  
o b ta in e d  w hich , on e x t r a p o la t i o n ,  i n t e r s e c t  a t  th e  same p o in t  
on th e  p e r io d  a x i s .  T h is  s u g g e s ts  th a t  th e r e  i s  a  c e r t a i n  
w eig h t f o r  w hich th e re  i s  no dam ping when an  o rd in a ry  N ew tonian 
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fo u n d , a  v i s c o - e l a s t i c  l i q u id  m igh t g iv e  a  damping e f f e c t  where 
th e  N ew tonian l i q u i d  would n o t and t h a t  t h i s  dam ping m igh t he 
r e l a t e d  to  th e  e l a s t i c i t y  o f  th e  v i s c o - e l a s t i c  l i q u i d .
C o n seq u en tly  two more w e ig h ts  w ere d e s ig n e d  to  g iv e  lo n g e r  p e r io d s  
and f i g . 40 shows th e  r e s u l t s  f o r  a n i l i n e  o b ta in e d  by u se  o f  th e s e  
w e ig h ts  as  w e ll  as  th e  o th e r s  a l r e a d y  In  u s e .  The 's t r a i g h t *  
l i n e  now ap p e a rs  as  a  cu rve w hich  may w e ll  ap p ro ac h  th e  o r ig in  
t a n g e n t i a l l y .  T h is i s ,  p e rh a p s , more i n  l i n e  w ith  th e o ry ,  s in c e  
th e  damping o b se rv ed  in  p r a c t i c e  i s  due to  th e  decay o f s t r a i n  
u n d e r  f i n i t e  s t r e s s  i n  th e  v is c o u s  (N e w to n ia n ) liq u id  ( o r ,  i n  
a n o th e r  way, to  th e  i n a b i l i t y  o f  th e  v is c o u s  l iq u id  to  s to r e  
p o t e n t i a l  en e rg y  u n d er s t r e s s ) .  The dam ping th e r e f o r e  w i l l  o n ly  
d is a p p e a r  when th e  s t r e s s  I s  z e ro  i . e .  when th e  c y l in d e r  i s  
o s c i l l a t i n g  i n f i n i t e l y  s lo w ly . I t  i s  th u s  p ro b a b le  t h a t  th e  
• c e r t a i n '  w e ig h t m entioned above i s  a  v e ry  t h i n  d i s c  o f  i n f i n i t e  
d ia m e te r .
A lso shown in  f i g .4 0  a r e  o th e r  cu rv es  f o r  v a r io u s  m ix tu re s
I
o f  g ly c e r in e  and w a te r  -  a l l  more v is c o u s  th a n  a n i l i n e  -  and a  
cu rv e  f o r  . 00625M sodium s a l i c y l a t e  i n  *0l)5M CTAB -  a  v i s c o - e l a s t i c  
s o l u t i o n .  I t  i s  a p p a re n t t h a t  th e  damping e f f e c t  goes th ro u g h  
a  maximum as th e  v i s c o s i t y  i s  in c r e a s e d .  M easurem ents o f  th e  
v i s c o s i t y  o f  th e  v i s c o - e l a s t i c  s o lu t io n  i n  an  O stw ald v isc o m e te r  





















g ly c e r in e - w a te r  m ix tu re s | j u s t  a s  i t s  damping e f f e c t  l i e s  
betw een  th o se  f o r  th e s e  two s o lu t io n s ^ -  owing to  th e  v e ry  la rg e  
v a r i a t i o n  in  th e  v i s c o s i t y  r e a d in g s , a t  20*0, f o r  t h i s  v i s c o ­
e l a s t i c  s o lu t io n  due to  i t s  inhom ogeneity  (s e e  p a g e 5^ )» any more 
q u a n t i t a t iv e  s ta te m e n t i s  u n r e l ia b le #  The damping cu rve f o r  
th e  v i s c o - e l a s t i c  s o lu t io n  i s  s im i l a r  i n  shape to  th e  o th e r  
cu rv es  ex c e p t f o r  a  s l i g h t  d i f f e r e n c e  a t  low er p e r io d s#  T here 
i s  th u s  no r e a l  i n d ic a t io n  o f  e l a s t i c i t y  i n  t h i s  ty p e  o f  
ex p erim en t emd i t  became a p p a re n t t h a t  th e  p e r io d  o f  o s c i l l a t i o n  
was f a r  to o  h ig h  to  a llo w  th e  e l a s t i c  e f f e c t s  to  come in to  p lay#  
R a th e r  th a n  a tte m p t d i f f i c u l t  and cumbersome m o d if ic a t io n s  to  th e  
e x i s t i n g  a p p a ra tu s ,  i t  was d e c id e d  to  a c h ie v e  h ig h e r  f r e q u e n c ie s  
by  s u b je c t in g  th e  v i s c o - e l a s t i c  l i q u i d  to  a  fo rc e d  o s c i l l a t i o n #
XX4
T i s c o - e l a s t i o  S o lu tio n s  Under F orced  O s c i l l a t io n s  *
A ppara tu s ( F i g .41 )
A g la s s  v e s s e l ,  s im i la r  to  t h a t  u sed  p r e v io u s ly  ( f i g . 38 ) 
save t h a t  i t  was 4 i n .  h ig h , was f ix e d  c e n t r a l l y  o n to  a  wooden 
d is c  by  means o f f o u r  s t e e l  s p r in g s .  In  o rd e r  to  o b se rv e  th e  
m otion  o f  th e  l iq u id  in  th e  a n n u la r  g ap , a  sm a ll m e ta l b a l l  
was su sp en d ed , from  a  hook a t  th e  to p  o f  th e  v e s s e l ,  b y  means o f  
a  v e ry  f i n e  th r e a d .  T h is b a l l  was made by d ip p in g  f in e  p la tin u m  
w ire  in to  m o lten  s o ld e r  and c a tc h in g  a  v e ry  sm a ll p ie c e  o f  th e  
s o ld e r  on th e  t i p  o f  th e  w ire .  A g e n t le  h e a t in g  produced  a  
sm a ll b r ig h t  sp h e re  o f m e ta l o f  d ia m e te r  0 .6  mm. The p la tin u m  
w ire  was c u t o f f  c lo se  to  th e  b a l l  le a v in g  j u s t  enough w ire  to  t i e  
on th e  f i n e  th r e a d .
The wooden d is c  was o s c i l l a t e d  by  th e  f r i c t i o n  d r iv e  o f  th e  
p i s to n  o f  a  r e c ip r o c a t in g  d e v ic e  w hich co u ld  be so  a l t e r e d  as  to  
g iv e  a  ran g e  o f s i x  a m p litu d e s . The r e c ip r o c a t in g  d ev ice  w as, 
in  tu r n ,  d r iv e n  by two H olyroyd r e d u c t io n  g e a r s ,  u sed  s e p a r a t e ly ,  
a  Kopp g e a r  cap ab le  o f  a  c o n tin u o u s ly  v a r i a b l e ,  n in e f o ld ,  change 
in  sp eed  and a  c o n s ta n t speed  in d u c t io n  m o to r.
The g la s s  v e s s e l  and su p p o r ts  were c o n ta in e d  in  an  a i r  
th e rm o s ta t  a t  (25  ±  .2 )* C . The m otion  o f th e  m e ta l b a l l  was 
observ ed  th ro u g h  a  t r a v e l l i n g  m ic ro sco p e .
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P ro c e d u re .
The s o lu t io n s  to  be s tu d ie d  w ere k e p t i n  a  w a te r  th e rm o s ta t  
a t  25*C u n t i l  re ad y  f o r  use# Many o f  th e s e  v i s c o - e l a s t i c  
s o lu t io n s  had been  p r e v io u s ly  h e a te d  to  60*C to  en su re  a s  much 
hom ogeneity  as p o s s i b le .  When th e  a p p r o p r ia te  s o lu t io n  had  b e e n  
poured  in to  th e  a n n u la r  g ap , th e  m e ta l b a l l  was lo w ered , o r  
pushed in to  p o s i t i o n  depend ing  on th e  v i s c o - e l a s t i c i t y  o f  th e  
l i q u i d .  In  many c a s e s ,  th e  th r e a d  was n o t f u l l y  s t r e t c h e d ,  b u t 
t h i s  had no in f lu e n c e  on th e  r e s u l t s ,  p ro v id e d  t h a t  th e  th r e a d  
was p re v e n te d  from  c l in g in g  to  th e  v e r t i c a l  g la s s  w a l l s .
The m otor was th e n  s t a r t e d  and th e  Kopp g e a r  a d ju s te d  to  g iv e  
a  s u i t a b l e  o s c i l l a t i o n .  The am p litu d e  o f  th e  b a l l  was m easured  
by  o b se rv in g  i t  a t  th e  e x t r e m i t i e s  o f  i t s  o s c i l l a t i o n  by means 
o f  th e  t r a v e l l i n g  m ic ro sco p e . The f re q u e n c y  o f  th e  o s c i l l a t i o n  
was o b ta in e d  by co u n tin g  th e  number o f  r e v o lu t io n s  o f  th e  w heel 
o f  th e  r e c ip r o c a t in g  d ev ice  i n  a  m easured t im e . The fre q u e n c y  
o f  th e  o s c i l l a t i o n  was th e n  in c re a s e d  and th e  am p litu d e  and p e r io d  
o f  th e  bead  m easu red . The r e s u l t s  a re  th e n  o b ta in e d  f o r  e ach  
s o lu t io n  as a  g rap h  o f  th e  r a t i o ,  ^ , o f  th e  am p litu d e  o f  th e  
b e a d ^8 o s c i l l a t i o n  to  th e  sim plitude o f o s c i l l a t i o n  o f  th e  
a n n u la r  v e s s e l ,  p lo t t e d  a g a in s t  th e  fre q u e n c y  o f th e  o s c i l l a t i o n .  
The am p litu d e  o f  o s c i l l a t i o n  o f th e  a n n u la r  v e s s e l  was th e  
s m a l le s t  th e  a p p a ra tu s  was c a p a b le  o f ,  i t s  v a lu e  b e in g  0 .2 8  
r a d i a n s •
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R e s u l t s .
Sodium S a l i c y la t e  -CTAB S o lu tio n s
A ll soap  s o lu t io n s  s tu d ie d  in  t h i s  work c o n ta in e d  .0135M 
CTAB. The r e s u l t s  o b ta in e d  w ith  s o lu t io n s  c o n ta in in g  d i f f e r e n t  
am ounts o f  s a l i c y l a t e  a re  shown in  f i g s *42, 43 and 44, i t  b e in g  
n e c e s s a ry  to  s e p a ra te  th e se  g rap h s due to  th e  s i m i l a r i t y  o f  
some o f them . F ig *42 a ls o  shows th e  b e h a v io u r  o f  two N ew tonian 
l iq u i d s  i . e .  #0133M CTAB which has th e  same v i s c o s i t y  as  w a te r  
and a  g ly c e r in e -w a te r  m ix tu re  some f i f t e e n  tim e s  more v isc o u s  
th a n  w a te r .  There i s  a  s te a d y  d e c re a s e  i n  th e  am p litu d e  o f th e  
bead  as  th e  freq u en cy  o f th e  o s c i l l a t i o n  i s  in c re a s e d  but t h i s  
d e c re a se  i s  l e s s  as th e  v i s c o s i t y  o f  th e  l i q u i d  in c r e a s e s .  A 
N ew tonian l iq u i d  o f v e ry  h ig h  v i s c o s i t y  would be ex p e c te d  to  
g iv e  an a lm o st h o r iz o n ta l  s t r a i g h t  l i n e .
The .O I35M CTAB, .0075M s a l i c y l a t e  s o lu t io n  a p p e a rs  to  
behave in  th e  same way as th e  g ly c e r in e - w a te r  m ix tu re  even  
a l th o u g h  i t  p o sse sse s  e l a s t i c  p r o p e r t i e s  e a s i l y  d e te c te d  by  th e  
*e l a s t i c  r e c o i l*  o f  b u b b le s . Indeed t h i s  r e c o i l  e f f e c t  can  be 
d e te c te d  i n  s o lu t io n s  as d i l u t e  as  . 0133M CTAB, .OO4O M s a l i c y l a t e #  
I t  th u s  seems th a t  th e se  v i s c o - e l a s t i c  s o lu t io n s  behave l i k e  
v is c o u s  N ew tonian l iq u id s  i n  t h i s  a p p a ra tu s  u n t i l  a  c e r t a i n  d eg ree  
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more s e n s i t i v e  in s tru m e n t cou ld  d e te c t  d i f f e r e n c e s  i n  b e h a v io u r  
b e fo re  th is *  Once th e  e l a s t i c i t y  becomes r e a l l y  e s t a b l i s h e d ,  
pronounced maxima a r e  o b ta in e d  w hich a r e  an a lo g o u s to  th o se  o b s e r ­
ved when a  m odel c o n s i s t in g  o f s p r in g s  and  d a s h p o ts , e . g .
M axw ell’ s m o d e la is  s u b je c te d  to  a  fo rc e d  o s c i l l a t i o n .
The two m ost s i g n i f i c a n t  f e a tu r e s  o f  th e s e  r e s u l t s  a re
( I )  A f te r  a  c o n c e n tr a t io n  o f  ab o u t •0123M s a l i c y l a t e  has b een  
re a c h e d , th e r e  i s  v e ry  l i t t l e  d i f f e r e n c e  betw een  th e  cu rv es  o v e r
a  c o n s id e ra b le  change o f  s a l i c y l a t e  c o n c e n tr a t io n .  T h is  p o s s ib ly  
in d ic a t e s  t h a t  th e  s t r u c t u r e  o f  th e  s o lu t io n  a l t e r s  v e ry  l i t t l e  
compared to  th e  changes w hich  o cc u r  b e fo re  t h i s  c o n c e n tr a t io n  has 
been  re a c h e d .
( I I )  The asym m etric  n a tu re  o f th e  peaks o f  th e  cu rv es  f o r  th e  
more c o n c e n tra te d  s o lu t io n s .  A l i k e l y  e x p la n a t io n  o f  t h i s  was 
found  d u r in g  th e  s tu d y  o f  jg^-chlorobenzoate -  CTAB s o lu t io n s .
118
Sodium p -C h lo ro b en z o a te  -  CTAB S o lu t io n s .
The r e s u l t s  o b ta in e d  w ith  v a r io u s  c o n c e n tr a t io n s  o f  
c h i0ro b en z o a te  i n  #01)3M CTAB a re  shown in  f i g s .  45* 4^ and 47*
These r e s u l t s  a r e  v e ry  s im i la r  to  th o se  found f o r  s a l i c y l a t e -  
CTAB s o lu t io n s  save  t h a t  th e  jg^-chlorobenzoate -  CTAB s o lu t io n s  
show maximum s t r u c t u r a l  e f f e c t s  a t  c o n c e n tra t io n s  w hich a re  
n o t ic e a b ly  h ig h e r  th a n  f o r  s a l i c y l a t e  -  CTAB s o lu t io n s  -  a  r e s u l t  
a l s o  shown, a t  any r a t e  q u a l i t a t i v e l y ,  by v i s c o s i t y  m easurem ents 
( f i g . 2 6 ) .
The ^ -c h lo ro b e n z o a te  s o l u t i o n s ,  how ever, show a p e c u l ia r  
phenomenon w hich o n ly  ap p e a rs  to  be shown in  v e ry  s l i g h t  deg ree  
by s a l i c y l a t e  -  CTAB s o lu t io n s .  As th e  fre q u en cy  o f  th e  
o s c i l l a t i o n  i s  in c re a s e d  th e r e  comes a  p o in t  a t  w hich a  s l i g h t  
in c re a s e  i n  th e  f re q u e n c y  p ro d u ces a  v e ry  la rg e  in c re a s e  in  th e  
am p litu d e  o f o s c i l l a t i o n  o f th e  b e a d . T h is  in c re a s e  does n o t ,  
how ever, e n t i r e l y  o c c u r  im m ed ia te ly  th e  fre q u en cy  o f  th e  
o s c i l l a t i o n  i s  in c re a s e d  an d , in  f a c t ,  th e  am p litu d e  o f o s c i l l a ­
t i o n  o f  th e  bead  o n ly  re a c h e s  a  c o n s ta n t  v a lu e  a g a in , i n  many 
c a s e s ,  one o r  two m in u tes  a f t e r  t h i s  in c re a s e  in  fre q u en cy  i s  
made. I t  may be t h a t  t h i s  e f f e c t  i s  due t o  an  a l t e r a t i o n  in  th e  
s t r u c t u r e  o f  th e  l i q u i d  as th e  fre q u e n cy  o f  th e  o s c i l l a t i o n  
i s  changed . I t  i s  l i k e l y  t h a t  th e  asym m etric shape o f th e  
peaks o f  a l l  th e  cu rv es  f o r  th e  more c o n c e n tra te d  s o lu t io n s ,  i s  
co n n ec ted  w ith  t h i s  phenomenon an d , in d e e d , a  com parison  o f







I •0I35M CTAB+ -CIGM benzoate
■ 2 . n + 0I2M v
3 . V t  'OlOM V




O' 5 1 0  1 5  “t -O
FREQUENCY V s .
Z-5 Z-O
Fl Q . 4"6.




3 02 52  0I S
FREQUENCY %
FIG.47
' 0 5 I 5 M  C T A B  +  0 3 0 M  ^ - C C  B E N Z O A T E  
0 3 1 5  M C T A S  +  O A O M  ^  (B B E N Z O A T E
\\
f r e q u e n c y , ^ / s
119
cu rv es  o b ta in e d  f o r  £ ;-chloro*benzoate -  CTAB s o lu t io n s  w ith  th o se  
o b ta in e d  f o r  s a l i c y l a t e  -  CTAB s o lu t io n s  shows t h a t  th e  shapes 
o f  th e  fo rm er a r e  more asym m etric  th a n  th o se  o f  th e  l a t t e r .
The g ra d u a l hreeJcdown, when th e  s t r e s s  i s  rem oved, o f  th e  
s t r u c t u r e  form ed when th e  a p p l ie d  f re q u e n c y  g iv e s  a  maximum 
am p litu d e  o f  o s c i l l a t i o n  o f  th e  l i q u i d ,  can  e a s i l y  he d em o n stra ted  
hy su d d en ly  re d u c in g  th e  f re q u e n c y  from  t h i s  v a lu e  to  a  v e ry  low 
v a lu e .  The l i q u i d  c o n tin u e s  to  o s c i l l a t e  w ith  a  c o n s id e ra b le  
am p litu d e  b u t g r a d u a l ly  t h i s  am p litu d e  d ie s  away u n t i l  a  s te a d y  
v a lu e  i s  re a c h e d . T h is  i s  n o t an  o rd in a ry  damping e f f e c t  s in c e  
i t  i s  n o t o b se rv ed  w ith  CTA^ -  s a l i c y l a t e  s o lu t io n s .
When one o f  th e s e  v i s c o - e l a s t i c  s o lu t io n s  i s  p ou red  from  th e  
g la s s  v e s s e l  im m ed ia te ly  a f t e r  an  o s c i l l a t i n g  e x p e rim e n t, i t  
a p p e a r s ,  to  th e  e y e , to  behave i n  a  d i f f e r e n t  way from a  s o lu t io n  
poured  from  th e  same v e s s e l  b u t  w ith o u t  any m ech an ica l t r e a tm e n t .  
I t  i s  n o t ea sy  to  d e f in e  j u s t  w hat th e  d i f f e r e n c e  i s  b u t ,  lo o s e ly  
sp e a k in g , th e  s o lu t io n  w hich  has b een  s u b je c te d  to  th e  o s c i l l a t o r y  
tr e a tm e n t  ap p e a rs  to u g h e r  and more e l a s t i c  i . e .  work h a rd en e d .
Yet th e  o s c i l l a t o r y  ex p e rim en ts  g iv e  no c l e a r  ev id en ce  o f  h y s t e r ­
e s i s  in  th e  m ech an ica l b e h a v io u r  o f  th e s e  s o lu t io n s ,  th e r e  b e in g  
l i t t l e  d i f f e r e n c e  betw een  cu rv es  o b ta in e d  by in c r e a s in g  th e  
fre q u en c y  o f  th e  o s c i l l a t i o n  and th o s e  o b ta in e d  by re d u c in g  i t  
from  a  h ig h  v a lu e .
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The E f f e c t  o f P heno l on CTAB -  Sodium S a l i c y l a t e  S o lu t io n s .
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I t  had been  o b se rv ed  by W alker t h a t  sm a ll q u a n t i t i e s  o f  
p h en o l ap p ea red  to  d e s tro y  th e  e l a s t i c i t y  o f  CTAB -  s a l i c y l a t e  
s o lu t io n s  w ith o u t g r e a t ly  a f f e c t in g  th e  tim e ta k e n  f o r  th e s e  
s o lu t io n s  to  f lo w  th ro u g h  an  O stw ald v is c o m e te r . To in v e s t ig a te  
w h eth e r th e  p r e s e n t  ty p e  o f ex p e rim en t co u ld  c l a r i f y  t h i s  
o b s e rv a t io n , a  number o f  s o lu t io n s  c o n ta in in g  th e  same am ounts 
o f  CTAB (*01)5M) and p h en o l (.OOgM) b u t w ith  d i f f e r e n t  am ounts 
o f  s a l i c y l a t e ,  w ere p re p a re d . These s a l i c y l a t e  c o n c e n tr a t io n s  
were .O I23II, #0156M, .0188M, and .025M.
I t  c e r t a i n l y  ap p e a re d , by m ere ly  h a n d lin g  a l l  th e s e  
s o lu t io n s ,  t h a t  th e  e l a s t i c i t y  was g r e a t l y  re d u c e d , b u t  when 
exam ined in  th e  o s c i l l a t i n g  a n n u la r  v e s s e l ,  th e  cu rv es  o b ta in e d  
f o r  th e  f i r s t  two s o lu t io n s  (.012$M , .O I56M) w ere p r a c t i c a l l y  
th e  same as  f o r  s im i l a r  s o lu t io n s  w ith o u t any p h e n o l. T here was 
a  s l i g h t  d i f f e r e n c e  w ith  th e  , 0188M s o lu t io n  and t h i s  i s  shown 
i n  f i g . 48 . W ith  th e  »023H s o lu t io n ,  a  g r e a t e r  e f f e c t  was observed . 
T h is i s  shown in  f i g . 49 to g e th e r  w ith  c u rv es  f o r  s o lu t io n s  
c o n ta in in g  .01)5M CTAB and . 025M s a l i c y l a t e  and v a r io u s  o th e r  
c o n c e n tr a t io n s  o f  p h e n o l. T here i s  no doub t t h a t  th e  e l a s t i c i t y  
o f  th e  s o lu t io n s  i s  d e s tro y e d  e v e n tu a l ly ,  b u t  th e  amount o f  p h en o l 
r e q u ir e d  to  do t h i s  can n o t be d e s c r ib e d  a s  s m a ll .  F u rth e rm o re  
th e  tim e o f flow  th ro u g h  th e  O stw ald v is c o m e te r  i s  g r e a t l y
F 1 6 . 4 &
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red u ced  in  a  way, ro u g h ly  co m p arab le , to  t h a t  i n  w hich  th e  
maximum am p litu d e  o f  o s c i l l a t i o n  o f  th e  l i q u i d  i s  reduced*
122
D isc u ss io n
W hile th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  m ight he r e n d e re d
more p r e c i s e  hy a p p ly in g  to  them a t r e a tm e n t  w hich d iv id e s  th e
v i s c o - e l a s t i c  e f f e c t  i n t o  a  v is c o u s  and an e l a s t i c  e f f e c t  ( s e e
1 2 0 .
f o r  example Toms and S tra w h rid g e  ) ,  i t  so  happens t h a t  u s e f u l
in fo rm a t io n  can  he o b ta in e d  w ith o u t  u s in g  a  p ro c e d u re ,  th e  v a l i d ­
i t y  o f  w h ich  has  n o t y e t  h een  d e f i n i t e l y  e s ta b l i s h e d *
The p r i n c i p a l  r e a s o n  f o r  t h i s  i s  t h a t ,  w i th  s a l i c y l a t e  and 
£ - c h lo ro h e n z o a te  s o l u t i o n s ,  th e r e  i s  v e ry  l i t t l e  d i f f e r e n c e  
betw een th e  cu rv es  once a  c e r t a i n  c o n c e n t r a t io n  o f  th e  s a l t  
has heen  reached*  T h is  i s  c l e a r l y  shown i n  f ig * 5 0  i n  w hich  th e  
r a t i o  o f  th e  maximum am p litu d e  o f  o s c i l l a t i o n  o f  each  s o l u t i o n  
to  th e  a m p li tu d e  o f  o s c i l l a t i o n  o f  th e  g l a s s  v e s s e l  i . e *  <{> max, 
i s  p l o t t e d  a g a in s t  th e  m o la r i ty  o f  th e  s a l t  f o r  b o th  CTA**’ -  
s a l i c y l a t e  and CTA^ -  £ ;-ch lo ro h en zo a te  s o lu t io n s *  I f  th e  v a lu e  
o f  <|) max* i s  ta k e n  as  an  app rox im a te  measure o f  th e  d im ension  o f  
th e  e l a s t i c  s t r u c t u r e ,  th e n  th e  s t r u c t u r e  o f  th e  s a l i c y l a t e  -
CTAB s o l u t i o n s  b u i l d  up to  a  maximum a t  a  c o n c e n t r a t io n  a p p r o x i -
+m a te ly  e q u i v a le n t  to  t h a t  o f  th e  CTA p r e s e n t ,  w h ile  th e  s t r u c t u r e  
o f  ^ - c h lo r o h e n z o a te  « CTAB s o l u t i o n s  r e a c h e s  a  maximum when th e  
p -c h lo ro b e n z o a te  i s  p r e s e n t  i n  amount s l i g h t l y  g r e a t e r  to  t h a t  
o f  th e  CTA'*', T h is  i s  v e ry  s i m i l a r  to  what i s  i n d i c a t e d  by  
v i s c o s i t y  m easurem ents b u t  t h e r e  i s  a  d i f f e r e n c e *  F o r ,  w hereas 
th e  v i s c o s i t y  e x p e r im en ts  i n d i c a t e d  t h a t  th e  s t r u c t u r e  o f  th e
Flû . 5 0 .
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a g g re g a te  i n  s o l u t i o n  a t t a i n e d  a  maximum e x te n s io n  and th e n ,  
on subsequen t a d d i t i o n  o f  more s a l i c y l a t e  ( s a y ) ,  d i s i n t e g r a t e d  
c o n s id e r a b ly ,  th e s e  o s c i l l a t o r y  e x p e r im en ts  i n d i c a t e  t h a t ,  
w h ile  a s t r u c t u r e  i s  b u i l t  up by a d d i t i o n  o f  s a l i c y l a t e  to  CTAB, 
t h i s  s t r u c t u r e  rem ains s t a b l e  on th e  a d d i t i o n  o f  more s a l i c y l a t e .  
T h is  d i f f e r e n c e  betw een  v i s c o s i t y  and o s c i l l a t o r y  e x p e r im e n ts  
may be acco u n ted  f o r  i f  th e  s t r u c t u r e  o f  th e  s o l u t i o n  i s  
dependent on th e  s h e a r in g  f o r c e  to  w hich i t  i s ,  and h as  been  
s u b je c te d .  More d i r e c t  e v id e n c e ,  by v i s u a l  o b s e r v a t io n ,  t h a t  
a  s t r u c t u r e  i s  b u i l t  up by s u i t a b l e  m ech an ica l  t r e a tm e n t  has  
a l r e a d y  b een  d e s c r ib e d  on pageH g  #
T his  m ech an ica l p r o p e r ty  ( i . e .  change o f  s t r u c t u r e  on 
m ech an ica l t r e a tm e n t )  i s  v e ry  s i m i l a r  to  th e  e f f e c t s  shown by
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ammonium o l e a t e  and to  th e  n e g a t iv e  t h i x o t r o p i c  b e h a v io u r
73
d e s c r ib e d  by H a r t l e y  , a l th o u g h  i t  sh o u ld  be m entioned  t h a t  a t  
l e a s t  th e  l a t t e r  b e h a v io u r  was concerned  w i th  s o l u t i o n s  whose 
e l a s t i c  p r o p e r t i e s  would p ro b a b ly  o n ly  g iv e  sm a ll  maxima, i f  any 
a t  a l l ,  i n  a  t y p i c a l  ex p e rim en t o f  th e  ty p e  u se d  h e r e .  The 
b e h a v io u r  o f  d i l u t e  s a l i c y l a t e  -  CTAB s o l u t i o n s  ( e . g .  .004H -.0C6M 
s a l i c y l a t e  in  ♦0135M CTAB) i s  s i m i l a r  t o  t h a t  d e s c r ib e d  by  
H a r t l e y ,  so t h a t  t h i s  n e g a t iv e  t h i x o t r o p i c  b e h a v io u r  a p p e a rs  t o  
be shown o v e r  th e  whole range  o f  e l a s t i c  b e h a v io u r .
p -c h lo ro b e n z o a te  -  CTAB s o l u t i o n s  a l s o  seem t o  show p o s i t i v e  
t h i x o t r o p i c  b e h a v io u r .  The a b i l i t y  o f  some such  s o l u t i o n s  t o
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o s c i l l a t e  f o r  t e n - f i f t e e n  seconds has a l r e a d y  heen  m entioned 
on page 104.* I f  such  a  s o l u t i o n  i s  g iv e n  a  v i o l e n t  r o t a t i o n ,  
th e  e l a s t i c  r e c o i l  a l l  h u t  d i s a p p e a r s  h u t  i f  th e  s o l u t i o n  i s  
th e n  l e f t  s t a n d in g  f o r  a  few m in u te s ,  th e  e l a s t i c  o s c i l l a t i o n s  
caused  by m ild  r o t a r y  d i s tu r b a n c e ,  can be shown again#
These v i s c o - e l a s t i c  s o l u t i o n s  th u s  ap p e a r  t o  show e i t h e r  
^positive  o r  n e g a t iv e  t h i x o t r o p i c  b e h a v io u r  depend ing  on th e  
s h e a r in g  f o r c e  to  which th e y  a r e ,  o r  have b e e n ,  s u b je c te d  to#
I t  i s  p o s s ib le  t h a t  many o th e r  p r o p e r t i e s  o f  th e s e  s o l u t i o n s  
change when th e  s o l u t io n s  a r e ,  o r  have b e e n ,  m e c h a n ic a l ly  t r e a t e d .
While h ig h  c o n c e n t r a t io n s  o f  p h en o l u n d o u b tab ly  d e s t r o y  th e  
e l a s t i c i t y  o f  s a l i c y l a t e  -  CTAB s o l u t i o n s ,  i t  i s  d i f f i c u l t  to  say  
j u s t  what happens a t  low c o n c e n t r a t i o n s .  C e r t a in l y  th e  f re q u e n c y  
a t  which <^iaax. o cc u rs  in c r e a s e s  as th e  p h en o l c o n c e n t r a t io n  
i n c r e a s e s ,  b u t  t h e r e  i s  no p a r t i c u l a r  r e a s o n  to  b e l i e v e  t h a t  t h i s  
means t h a t  th e  e l a s t i c i t y  i s  dec reased*  in  f a c t ,  i f  a n y th in g ,  th e  
o p p o s i te  view i s  s u g g e s te d .  I t  w i l l  be se en  a g a in  t h a t  o b se rv a ­
t i o n s  made on th e s e  s o l u t i o n s  u n d er  d i f f e r e n t  m echan ica l c o n d i t i o n s ,  
d i f f e r .
P A R T  rr
G en era l D is c u s s io n  and C onclusions*
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Ih a  p r i n c i p a l  r e s u l t  em erging from th e  p r e s e n t  work has
+
been  th e  d e m o n s tra t io n  o f  th e  s t a b i l i t y  o f  th e  s a l i c y l a t e  -  CTA 
m i c e l l e .  Every  measurement which has  been  made on v i s c o s i t y ,  
a d s o r p t io n ,  s e d im e n ta t io n  volume, a c t i v i t y  c o e f f i c i e n t  and e l a s ­
t i c i t y  has shown t h a t ,  a s  s a l i c y l a t e  i s  added to  CTAB, a 
s t r u c t u r e  g r a d u a l ly  b u i l d s  up whose s t a b i l i t y  i s  optim al^w hen 
th e  s a l i c y l a t e  and CTA^ a r e  p r e s e n t  i n  ro u g h ly  e q u im o le c u la r  
am ounts. V i s c o s i t y  measurements s u g g e s t  t h a t ,  on f u r t h e r  a d d i t ­
io n s  of s a l i c y l a t e ,  t h i s  s t r u c t u r e  g r a d u a l ly  b re a k s  down, w h ile  
a d s o r p t i o n ,  a c t i v i t y  c o e f f i c i e n t  and e l a s t i c i t y  measurements 
su g g e s t  t h a t  i t  does n o t .  R e c o n c i l i a t i o n  o f  t h i s  c o n t r a d i c t i o n  
may be a f f o rd e d  by th e  fo l lo w in g  c o n s id e r a t i o n s .
S a l i c y l a t e  -  CTA^ m ic e l l e s  a r e  b e l i e v e d  by us to  c o n s i s t
e s s e n t i a l l y  o f  long  t h r e a d l i k e  m icelles% #hose s u f f a c e  c o n ta in s
p o s i t i v e  and n e g a t iv e  c h a rg e s  a r ra n g e d  a l t e r n a t e l y  ( s e e  d iag ram
on page 2 8 ) .  The enormous le n g th  o f  th e s e  m ic e l l e s  would a p p e a r
to  a r i s e  from some f a c t o r  w hich g iv e s  th e  m i c e l i a r  s t r u c t u r e
c o n s id e r a b le  s t a b i l i t y  i n  a t  l e a s t  one d im en s io n . I n  th e  ca se
o f  th e  s a l i c y l a t e  -  CTA m ic e l le  as  w i th  o th e r  b en z o a te  io n  
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d e r i v a t i v e s  t h i s  f a c t o r  i s  a p p a r e n t ly  some p e c u l i a r  p r o p e r ty  
o f  th e  benzene r i n g .
The long  t h r e a d l i k e  c h a r a c t e r  of th e  m ic e l le s  does n o t ,  
how ever, by i t s e l f  e x p la in  why th e s e  s a l i c y l a t e  -  CTA^ s o l u t i o n s
12b
show e l a s t i c  r e c o i l  e f f e c t s  s in c e ,  a l th o u g h  th e  p r e c i s e
e x p la n a t io n  o f  v i s c o - e l a s t i c i t y  i s  n o t  known, i t  i s  g e n e r a l ly
ag reed  t h a t  e l a s t i c  e f f e c t s  r e q u i r e  some c o h e s io n  betw een  long
m o le c u la r  c h a in s . I n  s a l i c y l a t e  -  CTA^ s o l u t i o n s ,  th e  p e c u l i a r
p o s i t i v e - n e g a t i v e  s u r f a c e  may w e l l  be r e s p o n s ib le  f o r  t h i s
c o h e s io n ,  f o r ,  w h ile  th e  m ic e l l e s  o f  c a t i o n i c  o r  a n io n ic  soaps
fygt c fio rf^
a r e  r e p e l l e d  from  one a n o th e r  by th e  g e g e m  ont on
t h e i r  s u r f a c e s ,  m ic e l l e s  w hich have a  p o s i t i v e - n e g a t i v e  a r r a y  o f  
s u r f a c e  ch a rg e s  w i l l  te n d  to  i n t e r a c t  w i th  one a n o th e r  i n  a  manner 
su g g e s te d  by th e  d iagram  below , and t h i s  i n t e r a c t i o n  w i l l  p e r s i s t  
though  l e s s  s t r o n g l y  even i f  th e  s u r f a c e  o f  th e  lo n g  m ic e l l e s  i s  
h y d ra te d .
I
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I f  t h i s  l a r g e  th r e e -d im e n s io n a l  s t r u c t u r e  i s  re g a rd e d  as  
b e in g  composed o f  u n i t s  o f  long  t h r e a d l i k e  m i c e l l e s ,  th e n  i t  
would h av e , w i th  r e s p e c t  to  th e s e  u n i t s ,  a  low e n t ro p y  which
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would n o t f a v o u r  th e  fo rm a t io n  o f  th e  s t r u c t u r e  to  an u n l im i te d  
e x te n t»  T h e re fo re  i t  m ight he supposed  on th e s e  grounds t h a t  
o n ly  a t  a  v e ry  few p a r t s  o f  th e  s u r f a c e  o f  th e  lo n g  m ic e l l e s ,  
does i o n i c  i n t e r a c t i o n  o c c u r  t o  p roduce th e  s t r u c t u r e »  We have 
h e re  what we c o n s id e r  to  he th e  c o n d i t io n  n e c e s s a ry  f o r  th e  
p ro d u c t io n  o f  e l a s t i c  r e c o i l  e f f e c t s  i . e . lo n g , t h r e a d l i k e  
m ic e l l e s  lo o s e ly  a t t a c h e d  a t  o n ly  a  few p o in t s  on t h e i r  s u r f a c e s . 
The weakness o f  th e  l a r g e  th r e e -d im e n s io n a l  a g g re g a te  i n  th e  
p la n e  o f  th e  charged  io n s ,  due to  b o th  low e n t ro p y  and to  
p o s s i b l e  h y d r a t io n  o f  th e  s u r f a c e s  o f  th e  i n d i v i d u a l  u n i t s  w hich 
make up th e  a g g r e g a te ,  would e x p l a in  th e  o cc u rre n c e  o f  v is c o u s  
o r  flow  p r o p e r t i e s  i n  th e s e  s o l u t i o n s .  S tro n g  i n t e r a c t i o n ,  on 
th e  o t h e r  hand , i n  th e  p la n e  o f  th e  charged  io n s  would r e s u l t  
i n  g e l l i n g  o f  th e  sy s tem .
The v i s c o - e l a s t i c  p r o p e r t i e s  o f  th e s e  s a l i c y l a t e  -  CTA^ 
s o l u t i o n s  a r e  th u s  t o  be c o n s id e re d  th e  r e s u l t  o f  th e  o p e r a t io n  
o f  two f a c t o r s ,  f i r s t  th e  i n t e r a c t i o n  betw een  th e  CTA^ and th e  
s a l i c y l a t e  w hich causes  lo n g  t h r e a d l i k e  m ic e l l e s  to  fo rm , 
and se co n d , th e  l e s s  p o w erfu l  i n t e r a c t i o n  betw een th e s e  m ic e l l e s  
w hich  c a u se s  th e  fo rm a tio n  o f  a  th r e e -d im e n s io n a l  s t r u c t u r e .
Now th e  second o f  th e s e  I n t e r a c t i o n s  i s  l i k e l y  t o  be more 
s e n s i t i v e  to  th e  p re se n ce  o f  ex c e ss  s a l t s  th a n  i s  th e  f i r s t  
i n t e r a c t i o n  s in c e  th e  io n ic  o r  ch a rg ed  e x t e r i o r  o f  th e  m ic e l le  
i s  invo lved»  F u r th e rm o re ,  d e s t r u c t i o n  o f ,  o r  i n t e r f e r e n c e  w i th
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t h i s  second i n t e r a c t i o n  w i l l  c h i e f l y  a f f e c t  p r o p e r t i e s  dependen t 
on th e  l a r g e  average  s i z e  o f  th e  th r e e - d im e n s io n a l  a g g re g a te ,  
such  as m echan ica l b e h a v io u r  as  shown f o r  example i n  v i s c o s i t y .
P r o p e r t i e s  depend ing  on th e  e x i s t e n c e  o f  t h r e a d l i k e  m i c e l l e s ,  
may be e x p e c te d  t o  be d i f f e r e n t l y  a f f e c t e d  by chang ing  p h y s ic a l  
c o n d i t i o n s .  Thus d i f f e r e n t  p h y s ic a l  measurements on th e s e  
s o lu t i o n s  may r e q u i r e  d i f f e r e n t  i n t e r p r e t a t i o n s  depend ing  on 
w hether  th e  e x p e r im en ts  a r e  c h i e f l y  concerned  w i th  th e  t h r e a d l i k e  
m ic e l le s  o r  w ith  th o s e  formed by a g g r e g a t io n  o f  th e  t h r e a d l i k e  
m ic e l l e s .
We a r e  now in  a  p o s i t i o n  to  r e t u r n  to  th e  q u e s t io n  o f  why 
a d s o r p t i o n ,  a c t i v i t y  c o e f f i c i e n t  and e l a s t i c i t y  measurements 
shou ld  s u g g e s t  t h a t  th e  CTA^ s a l i c y l a t e  a g g re g a te  i s  u n a f f e c te d  
by ex cess  s a l i c y l a t e  w h ile  v i s c o s i t y  measurem ents s u g g e s t  t h a t  
th e  a g g re g a te  b re a k s  down i n  th e  p re se n c e  o f  e x c e s s  s a l i c y l a t e .
I f  th e  above d i s c u s s io n  i s  c o r r e c t ,  one s e t  o f  measurements i s  
concerned  w i th  th e  th r e e -d im e n s io n a l  s t r u c t u r e ,  th e  o th e r  w i th  
th e  t h r e a d l i k e  u n i t  ou t o f  w hich th e  l a r g e r  s t r u c t u r e  i s  b u i l t .
The v i s c o s i t y  m easurem ents , in v o lv in g  as  th e y  do a  b u lk  
p r o p e r ty  o f  th e  s o l u t i o n ,  w i l l  be p r i n c i p a l l y  concerned  w i th  th e  
l a r g e  th r e e -d im e n s io n a l  a g g r e g a te s .  As has  been  p o in te d  o u t ,  
th e  th r e e -d im e n s io n a l  a g g re g a te  i s  l i k e l y  to  be s e n s i t i v e  to  th e  
p re se n c e  o f  ex c ess  s a l t s ,  and t h i s  a c co rd s  w i th  th e  o b s e rv a t io n
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t h a t  th e  v i s c o s i t y  o f  th e  CTA^ -  s a l i c y l a t e  s o l u t i o n  f a l l s  i n  
p re se n c e  o f  ex c e ss  s a l i c y l a t e .  The a d s o rp t io n  measurements on 
th e  o t h e r  hand w i l l  be concerned  w ith  th e  t h r e a d l i k e  m ic e l l e s  
r a t h e r  th a n  th e  th re e -d im e n s io n a l  ones s in c e  an adso rbed  f i l m  
i s  g e n e r a l ly  o f  two d im e n s io n a l c h a r a c t e r .  The t h r e a d l i k e  
m ic e l l e s  would a p p e a r  t h e r e f o r e  to  be u n a f f e c t e d  by ex c e ss  s a l i c y ­
l a t e .
Thus, i n  c o n c lu s io n ,  we b e l i e v e  t h a t  th e  i n t e r a c t i o n  betw een 
CTA^ and s a l i c y l a t e  i n  aqueous s o l u t i o n s  le a d s  to  th e  fo rm a tio n  
o f  b o th  long  th r e a d l i k e  m ic e l l e s  and a  l a r g e r  th r e e -d im e n s io n a l  
a g g re g a te  composed o f  u n i t s  o f  t h e s e .
The lo n g ,  t h r e a d l i k e  m ic e l le  i s  s t a b l e  i n  th e  p re se n c e  o f  
e x c e ss  s a l i c y l a t e  w h ile  th e  th r e e -d im e n s io n a l  m ic e l le  b re a k s  down.
The b e h a v io u r  o f  p - c h lo ro b e n z o a te  -  CTA^ s o l u t i o n s  has 
proved to  be more d i f f i c u l t  t o  i n t e r p r e t .  In  a d s o r p t io n  i t  has 
been  se e n  t h a t  t h e i i n f l u e n c e  o f  p - c h lo ro b e n z o a te  i s  much th e  same 
as  t h a t  o f  s a l t s  such  as p - n i t r o b e n z o a te  o r  b e n z o a te ,  w h ile  i n  
v i s c o s i t y ,  a c t i v i t y  c o e f f i c i e n t  and e l a s t i c i t y ,  i t s  in f lu e n c e  
r a t h e r  re sem b les  t h a t  o f  s a l i c y l a t e .  However, i f  th e  view  t h a t  
th e r e  e x i s t s  m ic e l l e s  o f  d i f f e r e n t  s t r u c t u r e s  (two and t h r e e -  
d im e n s io n a l)  i n  s a l i c y l a t e  -  CTA^ s o l u t i o n s ,  i s  c o r r e c t ,  th e n  th e  
d i f f e r e n c e  i n  b e h a v io u r  betw een p -c h lo ro b e n z o a te  -  CTA**" s o lu t i o n s  
and s a l i c y l a t e  -CTA^ s o lu t i o n s  must be due t o  th e  p re se n c e  o f
m ic e l le s  in  th e  fo rm er s o lu t io n s  o f  somewhat d i f f e r e n t  s t r u c t u r e  
from th o s e  in  th e  l a t t e r .  That th e  s a l i c y l a t e  -  CTA^ system  i s  
in  some ways d i f f e r e n t  from th e  p -c h lo ro b e n z o a te  -  CTA^ system  
may be connec ted  w i th  th e  undoubted  e x i s te n c e  o f  hydrogen bonding  
in  th e  s a l i c y l a t e  io n .  But beyond t h i s  vague s u g g e s t io n  
n o th in g  f u r t h e r  can be s a id  a t  p r e s e n t .
A P P E N D I X
The D e te rm in a t io n  o f  th e  S u rfa c e  Areas o f  Powders hy 
th e  A d so rp tio n  o f  N itro g e n  a t  -1 0 5 •C*
Procedure
T his  method f o r  th e  d e te r m in a t io n  o f  th e  s u r f a c e  a r e a s  o f
th e  powders used  i n  th e  a d s o r p t io n  ex p e rim en ts  ( P a r t  l )  has  been
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developed  from th e  work of B ru n a u e r ,  Emmett and T e l l e r  and
was chosen  h e re  c h i e f l y  b ecau se  o f  i t s  r e l i a b i l i t y .  The
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procedure  u sed  was e s s e n t i a l l y  t h a t  o f  Emmett .
•White s p o t • n i t r o g e n ,  which c o n ta in s  .0015^  oxygen, was 
used  as th e  a d s o r b a te ,  l i q u i d  oxygen and l i q u i d  n i t r o g e n  as  th e  
c o ld  b a th s  and s p e c to g r a p h ic a l l y  p u re  Helium as  a means o f  
c a l i b r a t i o n .  The powders were th o s e  w hich  were m entioned in  
P a r t  I .  A d iagram  o f  th e  a p p a ra tu s  i s  shown i n  f i g # $ l .
The pow der, whose s u r f a c e  a r e a  was t o  be d e te rm in e d ,  was 
weighed i n to  th e  a d s o rp t io n  bu lb  w hich was th e n  s e a le d  on to  
th e  a p p a r a tu s .  The a d s o rp t io n  b u lb  was ev a cu a ted  a t  llO^C u n t i l  
th e  p r e s s u r e  above th e  powder was 10* mm Hg. N ext, th e  
a p p r o p r ia te  c o ld  b a th  was p la c e d  i n  p o s i t i o n  w i th  th e  s to p c o c k  
to  th e  ev a c u a te d  a d s o rb e n t  c lo s e d  and th e  •dead s p a c e • in  th e  
a d s o rp t io n  bu lb  d e te rm in ed  by a l lo w in g  Helium to  e n t e r  th e  gas 
b u r e t t e .  A f t e r  m easuring  th e  volume and p r e s s u r e  o f  t h i s  
Helium, th e  s to p c o c k  was opened and th e  sy s tem  a llow ed  to  
e q u i l i b r a t e .  Then th e  s to p c o ck  was c lo s e d  and th e  volume and 
p re s s u re  o f  th e  Helium l e f t  i n  th e  b u r e t t e  m easured . F i n a l l y  
th e  whole sys tem  was ev a c u a te d  to  10 mm Hg and th e  s to p c o c k
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GAS ADSORPTION APPARATUS.
to  th e  a d s o rb e n t  a g a in  c losed*
The p ro ced u re  f o r  th e  a d s o rp t io n  o f  th e  n i t r o g e n  gas i s  
e x a c t ly  s i m i l a r  ex c e p t  t h a t  th e  system  ta k e s  s l i g h t l y  lo n g e r  to  
e q u i l i b r a t e *  To measure th e  a d s o r p t io n  a t  v a r io u s  p r e s s u r e s ,  
n i t r o g e n  i s  e i t h e r  added to  th e  b u r e t t e  system  o r  e l s e  th e  l e v e l  
o f  th e  m ercury i n  th e  b u r e t t e  i s  r a i s e d *  D e so rp t io n  ex p e rim en ts  
always showed t h a t  th e r e  was no h y s t e r e s i s  a t  th e  p r e s s u r e s  s tu d ie d .  
A l l  gas volumes were c o n v e r te d  to  S .T .P .
The volume o f  gas adso rbed  a t  S*T*P. Va ■» Vt -  Vjx(l + a )  -Vf 
where Vt i s  th e  t o t a l  volume o f  n i t r o g e n  a d m it te d  to  th e  sys tem  
V]  ^ i s  th e  volume o f  n i t r o g e n  r e q u i r e d  to  f i l l  th e  'd e a d  
space* to  th e  p r e s s u r e  2 . 0^ th e  e x p e r im e n t .
a  i s  th e  c o r r e c t i o n  f a c t o r  to  acco u n t f o r  gas im p e r f e c t io n  
a t  th e  b a t h  te m p e ra tu re .
and Vf i s  th e  volume o f  n i t r o g e n  l e f t  i n  th e  b u r e t t e  a t  th e  
tim e o f  th e  m easurem ent.
At th e  te m p e ra tu re  o f  l i q u i d  oxygen, -  185*C, ® i s  2 .8 7 ^  
f o r  n i t r o g e n  a t  J6 0  mm. and v a r i e s  l i n e a r l y  w i th  p r e s s u r e .
R e s u l t s .
The r e s u l t s  o b ta in e d  u s in g  *ana tase  E* powder as  a d s o rb e n t  
a r e  shown below in  some d e t a i l  w h ile  th e  f i n a l  r e s u l t s  o b ta in e d  
w i th  o t h e r  powders a r e  shown a t  th e  end* In  s p i t e  o f  d e c re a se d  
a d s o r p t i o n ,  l i q u i d  oxygen was p r e f e r r e d  to  l i q u i d  n i t r o g e n  s in c e  
i t  m a in ta in e d  a  c o n s ta n t  tem pera tu re  o v e r  lo n g e r  p e r i o d s .
W eight o f  *ana tase  E* used  ■ 12 .0130  g .
'Dead space* d e te r m in a t io n .
I n i t i a l  volume o f  Helium (S*T*P*)
Volume a f t e r  opening  s to p c o ck  to  a d s o rb e n t  ( S .T .P . )
P re s s u r e  o f  Helium a t  e q u i l ib r iu m
## Volume o f  Helium a t  S»T*F* to  f i l l  dead space 
13*1 cm. Hg.
and volume o f  Helium a t  S .T .P* t o  f i l l  *dead space* 
to  76 cm* Hg.
N it ro g e n  a d s o r p t io n
TAB IE V.
-  22 .7  C.G#
-  14*4 c . c .
« 13 ,1  cm.
* 8 .3  c . c .
"  48*2 c . c .
V o l . a t  saip. 
i n i t i a l l y  
c*c .
T o l . a t  S.TB 
f i n a l l y  
C.C.





% P o - p ) ( c . c . )
54 .5 9 .4 8 .6 1 .0 0 5 .4 3 0 .8 1 .6 1 19 .7
9 .4 3 .4 15 .9 1 .01 10 .2 56 .8 2.88 2 1 .0
3 8 .6 3 0 .0 27 .2 1 .0 1 17 .6 9 7 .8 4 .88 22 .2
5 0 .0 2 1 .6 37 .8 1 .01 24 .2 136 6 .5 4 2 4 .0
2 1 .6 1 6 .2 44 .8 1 .0 2 2 9 .0 161 7 .81 24 .6
1 6 .2 1 0 .9 51 .7 1 .0 2 33 .5 185 8 .9 8 2 5 .4
4 6 .7 3 6 .6 64.3 1.02 4 1 .6 231 1 1 .0 27*4
3 6 .6 2 7 .5 76 .1 1 .03 4 9 .7 273 13.3 28 .4
J-yt
In  th e  above T able  Y, th e  l i q u e f a c t i o n  p r e s s u r e  o f  n i t r o g e n  a t
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- 1 8 ) was c a l c u l a t e d  from th e  e q u a t io n
lo g .  p » a / t + E + CT + DT*
where A » -3 1 6 .8 2 4 , B ■ 4*47582, C ■ - .0071701  and D ■ 2*94 %10*^
p b e in g  in  a tm ospheres  and T in  *K.
V i s  p l o t t e d  a g a in s t  2/  i u  f i g . 52 f o r  a l l  th e  a d s o rb e n ts  u se d ,
a  /Po
The B .E .T . e q u a t io n  i s
P « 1  ^ + (c  -  1) p
V^(Pq-  p ) TTmC VmcpQ
■ (B. — Ea
where c » e 9 th e  av e rag e  h e a t  o f
a d s o r p t io n  o f  th e  n th  l a y e r .
P/Y^(Po " p) 1® p l o t t e d  a g a i n s t  p /p ^  in  f i g . 53 f o r  a l l  th e  a d s o rb e n ts  
u s e d .
Prom t h i s  g raph  th e  volume o f  gas r e q u i r e d  to  form  a m onolayer, 
i s  2 0 .9  c . c .  a t  S .T .P .  f o r  th e  *ana tase  B*.
O
T ak in g  the  a r e a  o ccu p ied  by one n i t r o g e n  m olecule as  16 .2A^, th e  s u r f a c e  
a r e a  o f  th e  'a n a ta s e  B* powder i s
 ..
20 .9  X 6 .0 2  X 10^^ X 16 .2  x 10*®® ®
4 “
2 .2 4  X 10 X 12.0130  
2 /
o r  7 .6  m y g .
This l i e s  w i th in  th e  range  o f  v a lu e s  s p e c i f i e d  by B r i t i s h  
T i t a n  P roduc ts  and was th u s  c o n s id e re d  t o  d em o n s tra te  th e  r e l i a b i l i t y  
o f  t h e  a p p a ra tu s .
F i g . 5 2
1. A l u m i n a (3-si6g)
2 .  ' p u r i f i e d  A l u m i n a
3 .  A L U M I N A  ( 1 * 9 0 4 ^ )  
J i O z
5  S i l i c a
16
14
I.  S i l i c a  .
- 2 .  T jO ^ .
3  . ALUmiMA(i 904-g)
4 .  P u r i f i e d ’ 'Alumima  
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The r e s u l t s  a r e  summed up below
TÆBIE V I.
Powder S u rfa c e  A rea i ? / g .
A natase E 7 .6
S i l i c a 8 .0
Alumina 69*6
•P u r i f ie d *  a lum ina 7 6 .4
D u p l ic a te  d e te rm in a t io n s  w ith  th e  a lum ina  powder ag re e d  
w i th in  0*5^*
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